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INTRODUCTION 
The oil fraction of the grain of corn,-. Zea mays L. has 
the highest economic value per unit of weight of any fraction 
for the corn milling industry. Howeverj corn oil is considered 
to be a by-product; and the corn refiner's major product is and 
always has been the starch. The supply of corn oil is limited 
by the amount of corn processed by the breakfast cereal and 
starch milling industries. Dayton (1960) evaluated the quality 
of corn bred for higher oil and higher protein content. He 
concluded that lambs receiving rations containing higher-oil 
and higher-protein corn gained faster and required less feed 
per pound of gain than those receiving rations containing reg­
ular hybrid corn supplemented with additional energy or pro­
tein. Breeding for corn having a higher content of oil would 
have a real advantage for both the livestock feeder and the 
corn refiner. 
Any appreciable increase in oil content without a reduc­
tion in yield or a sacrifice in the other agronomic characters 
would be favored by both the corn milling industry and farmers. 
However; plant breeders have observed that any increase in oil 
percentage is usually associated with a reduction in yield and 
poorer stalk quality. This created the belief that high yield 
and high oil content are mutually exclusive. The concept of 
mutual exclusiveness can be examined by the evaluation of the 
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association between oil content and some agronomic characters. 
The primary purpose of this investigation was to estimate 
genetic correlations between oil content and other agronomic 
characters. Another phase of the investigation was to study 
the magnitude of additive and dominance variance estimates for 
the various characters. This information would be useful for 
- the prediction of the genetic gain that could be expected from 
different methods of selection. 
Estimates of the additive genetic correlations and pheno-
typic correlations were used to construct selection indices for 
yield of oil. Comparisons between index selection and selec­
tion for one trait at a time are discussed. 
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REVIEW OF LITERATURE 
Oil Content of Corn 
The first experiments on the effect of selection on the 
oil content of corn were started at the Illinois Experiment 
Station by Hopkins in I896 on a well-adapted local open-polli-
nated variety of corn. Leng (1962a) described the different 
methods of selection which were used through 6l generations of 
continuous selection. The breeding method used was modified 
several times. However, the basic breeding principle of se­
lecting desirable individuals and intercrossing their progeny 
remained the same during the study. The selection was done 
separately for high oil, low oil, high protein and low protein. 
In 1925 the ear-to-row method was discontinued and replaced by 
a system of intra-strain reciprocal crossing between sub-strains. 
Selection intensity throughout the whole experiment remained 
constant. One-fifth of the plants were saved in each genera­
tion. In the intra-strain method seed ears were divided into 
two lots of six ears each. One-hundred plants were grown from 
each lot. Pollen grains were collected from I5 to 20 plants in 
each lot and were used to pollinate 60 ears in the other lot. 
At harvest, 30 ears were chosen from each lot for chemical anal­
ysis. The 12 highest or lowest in chemical composition were 
used for the next generation. In 1933 the effect of random mat­
ing of eight generations was studied in comparison to the reg­
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ular selection method. 
Leng (1962a) summarized the results obtained through the 
61 generations of continuous selection. Selection for high oil 
content was effective in increasing the oil content from 4.68$ 
in the original Burr White variety to 14.83$ after 6l genera­
tions of selection. The mean oil content of the Low Oil strain 
reached 0,77% after the 6l generations of selection. In the 
comparison between the effect of random mating and the regular 
system of selection, it was evident that reversion toward the 
original population did not occur for any of the four strains. 
After 61 generations of continued selection, none of the four 
strains had reached a selection limit. 
Leng (1962b) reported on the effects of reverse selection 
on the chemical composition of the High Oil and Low Oil strains. 
In 1947 in addition to the regular system of selection, selec­
tion in the opposite direction was practiced to study the re­
sidual genetic variability. After seven years of reverse se­
lection, switch back selection was practiced on the Reverse 
High Oil strain. The reverse selection was effective in re­
ducing the oil content in the High Oil strain from 13«5$ at the 
beginning of the reverse selection to 10.0$ after eight genera­
tions of selection. The reduction was rapid in the first eight 
generations during which the divergence from the regular strain 
was at an average of 0,6$ per generation. No significant 
change had been reported after eight generations of reverse 
selection. After 13 generations of reverse selection, the Re-
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verse High Oil stock had about 70$ as much oil as the regular 
High Oil strain while the Reverse Low Oil strain had an oil con­
tent nearly three times higher than that of the regular Low Oil 
strain. IVhen switch-back selection was practiced on the Reverse 
High Oil Stock, no change was observed for the first three gener­
ations. On the fourth generation, this type of selection re­
sulted in a significant increase in the oil content. The re­
sponse to reverse and switch-back selection indicated that genetic 
variability remained in the population after 50 generations of 
selection. 
The results from the Illinois long-term selection experi­
ments for oil content were studied by Student (193^)• Accord­
ing to his calculations based on the actual gain from selection 
averaged over three generations, estimated heritability on an 
individual plant basis was 58^. A formula used for calculating 
the number of genes controlling the oil content of kernels was 
based on the assumptions of normality of oil content distribu­
tion, independence of genotypic and environmental variations, 
gene frequency for all genes = 1/2, small individual genes 
effects relative to the total variation, absence of dominance, 
a.nd additive and cumulative gene effects. He concluded that the 
oil content wars conditioned by at least 20 to 40 genes or more 
and not likely tq.be less than 10. The effect of the various 
assumptions on the estimated number of genes was discussed. 
Leng (1961) calculated heritability on an individual plant 
basis from the actual gain from selection in the Illinois oil 
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selection experiments using the following equation as given by 
Falconer (i960, p. 193) 
R = i CT h^ 
P 
where 
R = actual gain averaged over 10 years 
i = selection intensity in unit of standard deviation 
(Tp = standard deviation for oil content 
h^ = heritability 
Falconer gave the above formula for the case of mass selection 
for both females and males. In the case of the Illinois selec­
tion experiments, selection was for the seed parents alone; and 
p 
the advance from selection would be equal to lap(1/2) h . 
Therefore, the estimated heritability in Deng's paper equals 
p 
1/2 h . The calculated values of heritability averaged over 
10 years were substituted in the same.formula to predict the 
advance from selection for the following 10 years. None of the 
estimates of heritability was given in his paper. There was a 
discrepancy between the predicted and actual response. The 
predicted Increase in oil content from selection in the case 
of the High Oil strain for the period from 51 to 60 generations 
.based on the heritability estimated from the previous 10 gener­
ations was 1,80^ per generation and the actual gain from selec­
tion for that period was 0.53^. The difference between the 
predicted and actual response was highly significantly differ­
ent from zero. Leng reported that his estimates of heritabil-
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ity were much lower than estimates given by Alexander and 
Crowley (cited by Leng, I96I) being in the range of 50^. As 
pointed out before, Leng's estimates equal 1/2 h^ rather than 
h2. 
Woodworth et al. (1952) observed changes in the physical 
characteristics of kernels as the selection progressed in the 
long-term selection experiments. The high oil strain had a 
relatively small kernel with a large germ. In addition it was 
the shortest in plant height and the earliest of the four 
strains. The selected strains yielded 50^ as much grain as an 
adapted variety. The reduction was explained as the result of 
the inbreeding depression due to the ear-to-row selection 
method. Leng- (1962a) estimated the inbreeding depression in 
the long-term selection experiment to be between O.7O - O.8O 
and not less than 0.50. 
Sprague and Brimhall (19^9) studied the effects of envi­
ronments as encountered in different years on the percentage 
of oil for a group of commercial inbred lines. The effect of 
variation in season was less than that due to genotypes. Year 
X lines interaction was significant at the 5^ level of proba­
bility. In a cross between high-oil and low-oil inbreds, the 
observed means for Fg, F^ x and x were closer to 
their calculated geometric means, than to their arithmetic 
means. The geometric means for the F^ = y P^ x P^ while the 
arithmetic mean of the = ^it ^ 2 . They concluded that 
2 
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probably both arithmetic and geometric gene action were in­
volved. Using Castle's formula (cited after Sprague and Brim-
hall, 1949), Sprague and Brimhall (19^9) estimated the minimum 
number of genes conditioning oil content to be about 20. 
Miller (1950) used chromosomal translocations to investi­
gate the inheritance of oil content in corn. He found that 
genes conditioning oil percentage were present in each of the 
chromosome regions tested. 
Sprague and Brimhall (1950) compared the efficiency of 
phenotypic recurrent selection and selection during successive 
generations of inbreeding on oil percentage in the corn kernel. 
The mean oil percentage of the original population was 7.8^ and 
was shifted to 10.50 with two cycles of phenotypic recurrent 
selection. The average gain from recurrent selection per year 
was 0.660 and the gain from selection within selfed lines was 
0.250. Heritability of oil content estimated on the basis of 
s^ and Sg contrasts was 450. In another population Sprague et 
al. (1952) found that the average gain per generation for 
phenotypic recurrent selection was 0.410. Selection within 
Inbred lines in this population was effective in raising the 
mean oil percentage by O.1301per year. 
Genter et al. (1957) correlated oil content of Inbred 
lines and their single crosses. Correlations of oil content 
of hybrids with the mean of the two inbred lines ranged from 
0,83 to 0.86. The mean of the two parents was a better criter­
ion for predicting the performance of the single cross than was 
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either parent alone. Their data indicated little dominance was 
expressed in the inheritance of oil content of corn kernels. 
, n\ ^  Crowley (1958) calculated the correlation coefficients be­
tween all possible single crosses of nine inbred lines ranging 
in oil content from 2.7 to 5.8^, their parent inbred lines, and 
their test crosses to five different testers. He found that 
all the testers except the high-oil tester gave equally satis­
factory evaluations of the inbred lines for combining ability 
for oil content. The oil content of both single crosses and 
test crosses was directly dependent upon the oil content of the 
inbred lines involved in the various crosses. The correlation 
coefficient between the inbred lines and single crosses was 
0.89. This value indicated a high heritability of oil content.-
Dumanovic (i960) studied the inheritance of oil content in 
crosses between Illinois High Oil and a series of inbred 
lines. Six crosses were studied in 1956 and l4 crosses in 
1957. The oil content was intermediate between the two par­
ents in all crosses except one in which partial dominance 
of higher oil content was noted. There was evidence to indi­
cate that the female parent had a somewhat stronger influence 
on the oil content of the than the male parent. 
Bauman et al. (1965) analyzed 256 kernels from a selfed 
ear of the single cross Hy x Oh45 for oil content by means of 
nuclear magnetic resonance spectroscopy. The oil content of 
the kernels ranged_from 2.9 to 5.4^. The oil content of the 
grain from the ears produced on plants grown from those 256 
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kernels gave a range from 2.9 to 3,6^. The correlation between 
the oil content of the kernels and their progeny was 0.75 
which indicated the difference between Pg kernels were herit­
able. In six P^ families high in oil content, the correlation 
of oil content of kernels and their progeny were all highly 
significant and varied from 0.54 to 0.84. It was concluded 
that single kernel selection for oil content could be used with 
other breeding methods to increase selection efficiency for 
higher oil content in corn. 
Curtis et (1956) studied the effect of the pollen par­
ent on the oil content of the corn kernels. They showed that 
the oil percentage in the entire kernel was affected by the 
source of pollen. The average oil content of all strains under 
study when pollinated by a low-oil strain was 580 as great as 
the average of the same group pollinated by a high-oil strain. 
They suggested that a reliable estimate of oil content could 
be obtained only by controlled pollination where many types of 
pollen are available. Miller and Brimhall (1951) studied the 
effect of the source of pollen on the oil content of com ker­
nels in a comparison between the oil percentage in kernels pro­
duced on the same ear but having different male parents. It 
was evident that the oil content was preponderantly influenced 
by the female parent. Source of pollen, however, did have a 
constant, though relatively small, effect on all comparisons. 
Miller and Brimhall (1951) studied also the relationship 
between oil percentage and yield in a group of single crosses. 
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The percentage of oil ranged from 2.830 to 5.4^^ and the range 
for yield was from 37.2 to 79.5 bushels per acre. A positive 
correlation coefficient of 0.287 between yield and oil per­
centage was obtained. This value was significant at the 50 
level of probability. A correlation of 0.04l was calculated 
between oil percentage and yield for crosses of a group of in­
bred lines isolated from a high-oil population and top crossed 
to a single-cross tester. Jugenheimer (1961) compared the 
performance of two high-oil double crosses and a commercial 
double cross. The three hybrids were similar in yield, stand-
ability, and other agronomic characters. However, the high-
oil double crosses were 300 higher in oil content than the 
commercial hybrid. Alexander (1962) pointed out the possi­
bility of mutual exclusiveness of high yield and high oil on 
the basis of a physiological limit. On the isocaloric basis a 
reduction of 1.2 bushels per acre is equivalent to an increase 
of one per cent in oil. In an attempt to study the above as­
sumption, 10 inbred lines from each of three open pollinated 
varieties, Krug, Lancaster, and Reid, were selected for oil 
content of kernels. Five low-oil inbreds and five high-oil 
lines from each variety were selected. The 30 inbred lines 
were crossed to a tester. The oil content of the test crosses 
was determined in addition to the standard agronomic data. 
The difference in oil content between the high and low combi­
nation ranged from 1/2 to 10. Lancaster and Reid low-oil test 
crosses were higher yielding than were the high-oil test 
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crosses. On the other hand, the high-oil combination from Krug 
were higher yielding than the low-oil test crosses. 
Brunson et al. (1948) calculated a correlation coefficient 
between total oil percentage in the grain and weight of 1000 
kernels in Pg populations from crosses between a high-oil 
strain of corn and several commercial inbred lines. The cor­
relation coefficient was -0.12, a value not significantly dif­
ferent from zero. They concluded that the size of the kernels 
had relatively little influence on oil percentage. Alexander 
and Seif (2) reported correlation coefficients of -0.02 and 
0.08 between oil percentage and weight of 100 kernels in two 
high oil synthetics. Preliminary data indicated no association 
between maturity and oil content. 
Quantitative Inheritance 
The phenotype value of an individual can be expressed as 
the sum of genetic effects, environmental effects and an effect 
due to the interaction between environment and genotype. Sym­
bolically, 
P = G ^  E + GE 
where P is the phenotypic value of an individual with a par­
ticular genotype; G is the genotypic effect and is the average 
of the phenotypic values of that genotype over different envi­
ronments; E is the environmental effect due to a specific envi­
ronment; and GE is the effect of the interaction between envi­
ronment and genotype. Consequently, the phenotypic variance 
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is expressed as 
2 _ „2 2 2 
" G+ + ^GE ' 
2 2 
Where cTp is the phenotypic variance, cr^ is the genotypic vari-
2 P 
ance, cr_ the environmental variance and is the genotype x 
E Gill 
environment interaction variance. 
Fisher (1918) partitioned the genotypic variance into 
2 
additive genetic variance cr^ , due to the average effect of 
2 genes in a least square sense; dominance variance ctj) , due to 
2 
the inter-allelic interaction; and epistatic variance CTJ , 
due to non-allelic interaction between two loci or dual 
epistasis, in the case of a random mating population. Cocker-
ham (1954) extended the partitioning of the epistatic variance 
into its components for the random mating population with an 
arbitrary number of loci but with only two alleles per locus. 
Kempthorne (1954) gave a solution for the case of multiple 
alleles and an arbitrary number of loci. He divided the 
epistatic variance into the following components, 
2 2 2 2 
"I = "AA^ "00+'ad ••• 
p p 
and so forth; where cr^ is the epistatic variance; is the 
additive x additive variance for all pairs of loci; is the 
p 
dominance x dominance variance for all pairs of loci, and 
is the additive x dominance variance for all pairs of loci ... 
etc. 
Fisher (1918) gave the theoretical solution of the geno­
typic correlation between relatives in the case of a random 
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mating population with an arbitrary number of loci. He ex­
pressed the correlation for parent-offspring, full-sib, uncle-
nephew, cousins, and double first cousin in terms of the addi­
tive and dominance variances. Two factor epistasis was con­
sidered in the cases of parent-offspring and full-sib relation­
ships . Cockerham (1954) presented a method to obtain the cor­
relation between relatives in the case of random mating with 
an arbitrary number of loci and two alleles per locus in terms 
of additive variance, dominance variance, and interaction var­
iances between the additive and/or dominance effects. Kemp-
thorne (1954) extended the results obtained by Malecot (cited 
after- Kempthorne, 1954) for the covariance between two indi­
viduals in the case of a single locus to the case of random 
mating with no assumptions other than no linkage. The result 
was shown as 
Gov. xy = T. (0 t (0 ' 0^)^ of ^ 
r,s 2 ^ -u 
where 
r = 0 ... n nuj-aber of loci exhibiting additive gene 
action, 
s = 0 ... n number of loci exhibiting dominance gene 
action, 
1 r + s < n 
0 is the probability that the two genes in x and y individual 
which came through the male ancestor are identical by descent; 
0' is the probability that the two genes in x and y which came 
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through the female ancestor are Identical by descent. Kemp-
thorne (1955) gave the expectation of the genetic covariance 
between relatives for parent-offspring, full-sib and double 
first cousins in the case of a random mating population. 
Many approaches have been used for the estimation of 
genetic parameters in corn. These approaches can be classified 
into two categories: 1, Estimations of genetic variance com­
ponents and 2. Estimations of genetic effects. Cockerham 
(1963) reviewed the different mating designs used for the es­
timation of genetic variance and its components through the 
interpretation of genetic covariance between relatives. He 
classified the different mating designs used for cross polli­
nated crops using non-inbred material into the four following 
categories : 
1. One-factor designs 
2. Two-factor designs 
3. Three-factor designs 
4. Pour-factor designs 
One-factor designs are usually used for the estimation of 
the total genetic variance. In these designs one parameter is 
estimable. In the two-factor designs in which the two parents 
are identified, two covariances between relatives are esti­
mated, covariances of full-sibs and covariance of half-sibs. 
This class includes diallel mating, nested design or Design I 
by Comstock and Robinson (1948), and factorial mating or Design 
II by Comstock and Robinson (1948). In the case of three-
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factor designs one of the grand parents is recognized in addi­
tion to the two parents. In these designs, the covariance of 
full-sib and covariance of half-sib in addition to other covar-
iances between relatives are estimable. In four-factor mating 
designs the grand parents are recognized or one of the great 
grandparents is recognized in addition to one of the grandpar­
ents, More types of relationships are introduced by these 
designs. In the translation of the genetic covariance between 
relatives into genetic parameters the following assumptions are 
required: diploid inheritance, no correlation between the 
genotypic and environmental effects, no linkage, and the rela­
tives are random members of non-inbred populations. The ef­
fects of the non-validity of the above assumptions were dis­
cussed. Cockerham (1963) concluded that all the designs may 
be utilized for supplying information useful for breeding and 
selection programs. Design I, by Comstock and Robinson (1948), 
is the easiest two-factor mating design to adapt to non-inbred 
parents in com. It allows the estimation of two components 
of genotypic variance. 
Anderson and Kempthorne (195^) applied the factorial model 
to populations derived from crossing two inbred lines and sub­
sequent crossing and selfing. Six generation means are used. 
These are the two parents, P2, and the two backcrosses of 
the Pj to the two parents. Six parameters could be estimated 
using the factorial analysis. These are the mean effect Kgj 
the non-epistatic effects E and Pj and epistatic effects G, L, 
17 
and M. Hayman (1958) presented a model which permitted the 
estimation of six parameters using the six generation means 
used by Anderson and Kempthorne (1954). The estimated para­
meters in the model were functions of additive, dominance, addi­
tive X additive, dominance x dominance and additive x dominance 
effects in addition, to the mean. He pointed out that in the 
presence of epistasis the additive and dominance effects can 
not be separated. Gamble (1962) used the model suggested by 
Hayman (1958) for the estimation of genetic parameters in 15 
crosses out of 6 inbred lines of corn. 
Comstock and Robinson (1948) presented two mating designs 
to-i the estimation of additive and dominance variances in a 
random mating population with no epistasis, no linkage and two 
alleles per locus. The two designs have been referred to re­
cently as Design I and Design II. In Design I each random 
plant referred to as a male is crossed to a different group of 
plants referred to as females. In Design II each of a group 
of plants used as pollen parents is mated to each of another 
group used as seed parents. Kempthorne (1957, p. 46o) gave 
the translation of expected mean squares in the analysis of 
variances for Design I and Design II experiments in terms of 
genetic covarlances between relatives. He Indicated that two 
relationships existed in these designs, half-sib and full-sib. 
Accordingly, genetic covarlances of half-sib and full-sib could 
be estimated from Design I experiments. — 
The effect of linkage on the estimates of additive and 
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dominance variances obtained from Design I experiments was dis­
cussed by Robinson and Comstock (1955)• The linkage disequi­
librium would Inflate the estimate of variance of the female 
effect but the effect of linkage disequilibrium on the esti­
mate of the additive variances would depend on the frequency 
of coupling and repulsion linkage. The bias will be negative 
if the frequency of répulsion is greater than coupling and 
positive if the coupling frequency is greater than that of 
repulsion. The magnitude of the bias would depend upon the 
gene frequency, relative frequency of coupling and repulsion 
and the degree of dominance. Cockerham (1956) examined the 
effect of linkage for a population with linkage equilibrium. 
He indicated that linkage would affect the estimates of the 
epistatlc components and not the additive or dominance var­
iances if one relative was not the ancestor of the other, as 
in the case of full-slbs and half-sibs. In the case of par­
ent-offspring, linkage would not affect the estimates of 
genetic parameters. 
A promlnant and disturbing result observed in Design I 
experiments has been the negative estimates of dominance var­
iance. A review of some of the estimates of dominance var­
iance in several populations of corn is given in Table 1. One 
of the assumptions used in the genetic interpretation of var­
iance components in the Design I is that the males are mated at 
random to a number of females. Lindsey et al. (1962) explained 
the negative estimates of dominance variance on the basis of 
19 
Table 1, Some previous estimates of dominance variance (s ) 
for different populations obtained from Design ^ 
I experiments 
Character Source Reference 
Date of flowering Jarvis 
Weekley 
Indian Chief 
0.08 
-2.76 
-1.33 
Robinson et al. 
(1955) 
Yield Jarvis 
Weekly-
Indian Chief 
-0.0003 
0.0008 
0.0008 
Robinson et al. 
(1955) 
Date of flowering 
Plant height 
Ear height 
Yield 
Krug (1956) -3.7275 
-20.1858 
-13.9592 
-0.0004 
Lindsey et al. 
(1962) 
Date of flowering 
Plant height 
Ear height 
Yield 
Hays Golden 
(1956) 
-9.6656 
-47.9892 
-43.2927 
-0.0007 
Lindsey et al, 
(1962) 
Date of flowering 
Plant height 
Ear height 
Yield 
Krug (1957) -.3333 
24.6125 
6.1815 
0.0087 
Lindsey et al. 
(1962) 
Date of flowering 
Plant height • 
Ear height 
Yield 
Hays Golden 
(1957) 
-7.3112 
-26.5586 
-13.9585 
0.0011 
Lindsey et al. 
(1962) 
Date of flowering 
Plant height 
Ear height 
Yield 
Corn Belt 
Composite 
(Iowa) 
-2.58 
-0.03 
-13.40 
-0.0013 
Goodman (1965) 
Date of flowering 
Plant height 
Ear height 
Yield 
West Indian 
Composite 
(Iowa) 
-0.92 
20.50 
3.40 
0.00 
Goodman (1965) 
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positive assertive mating for flowering date due to the diffi­
culty of random mating. Positive assertive mating should re-
p 
suit in higher estimates of and consequently, under-esti-
p 
mation of A negative estimate"would be obtained for silk­
ing date and. its correlated characters. When the non-random­
ness was partially eliminated in the Design I experiments con­
structed in 1957J Lindsey £t (1962) obtained lower esti­
mates of the additive genetic variance and higher estimates for 
the dominance variance than in the 1956 experiments. However, 
some of the estimates of dominance variance were still negative. 
Goodman (I965) obtained negative estimates for dominance var­
iance as shown in Table 1. He attributed some of the negative 
estimates to positive assortive mating for silking dates. 
Attention has been directed toward the possible bias in 
estimates of genetic variance components due to genotype x envi­
ronment interaction. Rojas and Sprague (1952) using a group of 
single crosses indicated that the variance components for the 
interactions involving specific combining ability and locations 
or years were consistently larger than the estimates of inter­
action between general combing ability and years of locations. 
Matzinger et al. (1959) using diallel crosses of 10 parents 
selected at random from a random-mating synthetic variety of 
corn, indicated significant interactions for general combining 
ability x years, general combining ability x years x location, 
and specific combining ability x years. However, the variance 
of general combining ability was small in comparison to the 
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variance of specific combining ability. They indicated that 
the variance of general combining ability is a function of the 
additive variance and additive types of epistasis, whereas the 
variance of specific combining ability is a function of the 
non-additive variance. They concluded that the additive var­
iance was much more affected by genotype x environment inter­
action than was the non-additive variance, 
Robinson and Moll (1959) calculated the family variance 
2 2 ? family x location variance family x year variance 
p 
and family x location x year variance ^ for 6o half-sib 
fyl 
families grown at five locations in each of five years. They 
showed that the variance of the interaction of genotype x envi­
ronment was 1/2 the magnitude of the genetic variance. Both 
family x year and family x location interactions were negligible 
for yield and ear number, whereas the family x location x year 
interaction was significant. They presented data showing the 
additive genetic variance x environment was much higher than 
the non-additive variance x environment. Comstock and Moll 
(1963) pointed out the effect of genotype x environment inter­
action on the estimates of genetic variances derived from one 
environment. The existence of genotype x environment interac­
tion would cause an over-estimation of the genetic variance, 
and in addition it would reduce the advance from selection. 
In the combined analysis of variance over environments, it 
usually is assumed that the locations and environments are 
chosen at random from a population of environments. The non-
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validity of that assumption would affect the estimates of var­
iances of genotype x year, genotype x location, genotype x year 
X location interactions. These estimates would be biased by 
additional terms which are functions of the covariances between 
genotype and genotype x environment interaction. These covar­
iances would be equal to zero in the case of a random group of 
environments. Re-analyzing the data collected by Robinson and 
Moll (1959), Comstock and Moll (1963) indicated that observed 
O 
variation in the estimation of for a single environment was 
sufficient to cast some doubt on the assumption that the effect 
covariances and interaction effect variances are uniform from 
one environment to another. They concluded that the evidence 
failed to indicate that the random error in variance component 
estimates was significant in magnitude. 
Hanson (1964) calculated the amount of bias introduced 
when data collected from y years at 1 locations were assumed 
to be from a set of random environments. He showed that in the 
case of corn in which the year x genotype and location x geno­
type interactions are less important than genotype x year x 
location interaction, the amount of bias is of little prac­
tical significance. The data tended to support the assumption 
that a collection of associated environments can be considered 
in the context of random environments, and the estimates of 
genotypic variance and genotype x environment variance would be 
reliable. 
Goodman (1965) estimated the genotype x environment inter-
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action variance in two populations. West Indian composite and 
the Corn Belt Composite, at two locations, Johnston, Iowa, and 
Lewlston, North Carolina. For any character other than yield, 
there was little variance due to genotype x environment inter­
action. Negative estimates were obtained and were due to sam­
pling error. For yield most of the genotype x location inter­
action was due to additive x location interaction. Williams 
(i960) using Design I data estimated the additive genetic var­
iance X year and genotypic variance x year interactions for an 
open-pollinated variety of corn, Reid Yellow Dent. For the 
weight of 100 kernels both estimates were not significant. For 
yield the estimates of additive variance x year interaction was 
not signiflcant> whereas genotypic variance x year was highly 
significant at the 1% level of probability. 
Allard and Bradshow (1964) divided the genotype x environ­
ment interaction into two types, predictable and unpredictable. 
The first class included genotype x location interaction and 
genotype x treatment interaction. In case of large genotype 
X location interaction, plant breeders can select certain geno­
types which are adapted to a specific environment. The second 
class included genotype x year interaction. This is because 
the change in weather is not predictable in advance. It would 
be hard to breed for certain genotypes for each year. The only 
solution for the latter types of genotype x environment inter­
action would be through breeding for stable varieties which are 
adapted to withstand unpredictable changes in environmental 
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variations. 
Estimates of genetic and phenotypic correlation are useful 
in the evaluation and planning of "breeding programs. They can 
be used in constructing selection indices. Smith (1936) used 
the discriminât function technique for the construction of 
a selection index using yield components and other characters 
in wheat. The same approach had been used by Hazel (1943) 
using the path coefficient technique for maximizing advance 
from selection in hogs. Robinson £t (1951) outlined the 
method of construction of a selection index for yield using 
estimates of variances and covariances calculated from Design 
I experiments. The expected gain from selection based upon an 
index of plant height, numbers of ears per plant, ear diameter, 
ear length, and yield was 30^ more efficient than selection for 
yield alone. . Their estimation of genetic and phenotypic para­
meters were derived from one location for one year. 
Johnson ^  (1955) compared the expected advance for 
yield and oil percentage in soybeans using the selection index 
technique. They pointed out that selection based on the com­
bination of fruit period and seed weight would be essentially 
as effective as selection for yield. Selection Indices based 
upon fruit period, seed weight, lodging score, protein percent­
age and oil percentage in addition to yield for two populations 
were l40.8^ and 126.1^ as effective in increasing yield as se­
lection based upon yield alone. Indices for oil content were 
considerably less effective than selection based on oil percent­
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age alone. When oil percentage was included in the index, the 
relative efficiency for the selection index were 100.2 and 
100.4^ for the two populations in comparison to selection for 
oil alone. Hanson and Johnson (1957) presented a method for 
the determination of a general selection index from two or 
more segregating populations. The purpose of combining two or 
more sources of data was to minimize the sampling error and to 
obtain unbiased estimates of genotypic variance, genotype x 
environment interaction, and error variance. The advance ex­
pected from an index based on economic worth and obtained by 
pooling estimates from two segregating populations did not 
a^ffer appreciably from the advance expected from a specific 
index for a certain character in a specific population. The 
relative efficiencies of selection for yield of oil alone in 
comparison to a specific selection index based upon yield of 
oil, yield of protein, and yield of grain were 86.2 and 92.0^ 
for the two populations. The relative efficiencies for selec­
tion for yield of grain were 85.5 and 56.6^ for the two popu­
lations . 
Brim ^  (1959) computed 15 selection indices involv­
ing combinations of oil percentage, protein percentage, yield, 
lodging, seed weight, and fruit period for two populations of 
soybeans. The selection was for the economic worth of the 
plants. The advances in pounds of oil expected from selection 
based on both oil percentage and seed weight was 101 and 113^ 
of that based on oil percentage, protein percentage and yield 
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and 84 and 95^ of that based on all six characters in popula­
tion 1 and 2, respectively. They pointed out that the result 
of error in the estimation of genetic parameters would be re­
flected in the. estimate of genetic gain. They concluded that 
the index must be used with caution. However, the alternatives 
such as independent culling are less desired. 
Caldwell (1963) calculated an average selection index by 
pooling estimates from four segregating populations of soy­
beans. In addition, a specific index was constructed for each 
of the populations. The specific indices exceeded all other 
selection methods in predicted advance and were superior in the 
actual advance in three of four populations". Genotype x envi­
ronment interaction was of value in yield prediction, but was 
of little value in producing actual gain. The predicted rela­
tive advance from selection for yield alone was 98^ of the pre­
dicted gain using the general index combining all the four pop­
ulations. The relative efficiency of selection for yield with 
regard to a specific selection index were 78, 98, 93 and 40^ 
for the four populations. The actual advances from selection 
using the yield as a criteria for selection were 1.49, 1.86, 
3.24 and 0.81 bushel per acre for the four populations; whereas 
the actual advance using a specific index for each population 
was 1.50, 2.18, 3.52, and 0.96 bushels per acre, respectively. 
The gains from selection using a general index for the four 
populations were 1.39, 1.04, 0.83, and O.60 bushels per acre. 
He concluded that selection using yield itself was found to be 
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less efficient than specific index selection in predicting 
gain, but was equal in actual yield advance. Consequently, se­
lection indices may be of practical value in yield selection 
for those populations with limited test. 
In cotton. Manning (1956) compared the actual and pre­
dicted advance using a selection index based on the number of 
bolls per plant, seeds per boll, and lint per seed. The actual 
advance from six generations of selection was 38^, of the modal 
bulk selection as compared with 35^ for the predicted advance. 
In a comparison between the selection index based on an index 
using seeds per boll, lint per seed and lint yield, the latter 
one was superior over the modal bulk checks by 5.^/» while the 
index based on yield components was 4.0^. Miller et (1958) 
compared different selection indices for lint yield of cotton 
using lint percentage, boll number, and seed index in addition 
to yield and selection based on yield alone. The highest 
efficiency was obtained using a selection index based on yield, 
lint percentage, bolls per plant and seed index. The relative 
efficiency of that index to selection for yield alone was ll6^. 
They concluded that a selection index would be a valuable aid 
to selection when the material is subject to limited testing 
Harris (I963) used a Monte Carlo simulated sampling pro­
cedures to study the effect of sampling errors in the estima­
tion of genetic parameters and their influence upon the pre­
dicted advance from selection. There was a slight tendency for 
the over-estimation of the progress from a selection index. 
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The effect of sample size on the estimate of gain from selec­
tion was indicated. Increasing the sample size would decrease 
the deviation of the estimate from the true value of advance. 
Similar trends for decreases in the magnitude of deviation were 
associated with increasing the additive variance or increasing 
the genetic correlation between characters in the index. The 
mean squared difference between the estimated progress and the 
true progress for the calculated indices was fairly large even 
with indices based upon 8000 individuals. 
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MATERIAL AND METHODS 
Experimental Procedures 
The material used in the experiment was a synthetic variety 
designated as Iowa High Oil Synthetic No. 1. This synthetic 
variety was produced from the cross Ford's High Oil x Ullstrup's 
synthetic A. Ford's High Oil is a population derived by direct 
selection from Illinois High Oil and had undergone five cycles 
of phenotypic recurrent selection for high oil content of the 
grain. Ullstrup's Synthetic A is a selected strain of a 16-
line synthetic variety designated as Synthetic A. This par­
ticular strain of Synthetic A was developed by Dr. A. J. 
Ullstrup at Purdue University and was highly selected for re-
sistence to diseases, particularly to Northern Corn Leaf Blight 
caused by Helmlnthosporium turcicum Pass. The cross of Ford's 
High Oil X Ullstrups Synthetic A was made at Ames, Iowa, in the 
summer of 1961 and was randomly mated i^the winter of 196I-
1962 in Florida. This Iowa High Oil Synthetic No. 1 represents 
a cross between a high oil population with poor agronomic char­
acteristics and a disease resistant population of better vigor, 
yield, and stalk quality. 
In the summer of I962, 100 rows of Iowa High Oil Synthetic 
No. 1 were grown at Ames, Iowa, for the purpose of preparing 
seed for a Design I study of genetic variances and covariances 
in this synthetic variety. Each row was divided into two parts. 
One part consisted of five plants designated as pollen parents 
and hereafter are referred to as males. The other part con­
sisted of 10 plants which were designated as seed parents and 
hereafter are referred to as females. The second plant in this 
male part of each row was crossed to the first four plants in 
the female part if it was possible. In the rows in which it was 
difficult to match the time of pollen shedding of the male 
plants and the silks on the females, any four females were used. 
This procedure was used in order to reduce the amount of posi­
tive assortive mating for silking date as much as possible. 
The seed from each specific ear represented a full-sib 
family. The four ears which were the results of crossing one 
male to four females were considered a half-sib family. Sixty-
four half-sib families were chosen at random for use in this 
study. The ears from the female plants were'shelled individu­
ally and were maintained as individual full-sib families. The 
64 half-sib families were divided at random into four sets 
each composed of l6 half-sib families or 64 full-sib families. 
The same l6 half-sib families were kept together in each set in 
all experiments. 
Yield trial experiments were grown at three locations in 
Iowa — Ames, Ankeny, and Kanawha — in both I963 and 1964. 
However, the experiment at Ankeny in 1964 was discarded due to 
drought damage. Each experiment consisted of two replicates. 
The four sets were randomized within each replicate and the 64 
full-sib families were randomized within each set. Different 
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randomizations were applied in each experiment. 
Each plot consisted of one row with 15 guarded plants. 
The rows were 40 inches apart with plants spaced 10 inches 
apart within the rows. Data were taken on guarded plants only. 
For all plots with less than five guarded plants, a missing 
plot value was calculated using the formula for a randomized 
block design as presented in Snedecor (1956, p. 310). 
Plant height and ear height data were obtained on the 
first 10 plants in the row and were measured to the nearest 
centimeter. Plant height was recorded as the distance from 
the ground to the collar of the flag leaf. Ear height was 
measured as the distance from the ground to the node bearing 
the top ear. Date of flowering was recorded as the number of 
days from the first of July to the day when 50^ of the plants 
silked. Data on date of flowering were collected in both 1963 
and 1964 from the Ames location only. Lodging percentage was 
expressed as the ratio of the stalks that were broken below the 
ear to the total number of plants in the plot. For yield the 
ears were harvested and dried to uniform moisture (about 6%), 
The ears were weighed in bulk to the nearest gram before and 
after shelling. Shelling percentage was calculated as the 
ratio of the weight of the shelled grain to the weight of the 
ear corn. Grain yield was calculated as the weight of shelled 
grain in grams per plant. A random sample of 100 kernels was 
taken from the bulk grain from each plot and was weighed in 
grams. 
For the experiment at Ames in I963 a random sample of 
about 200 kernels was saved from each plot for oil analysis. 
For the experiments grown in Ankeny and Kanawha in 1963 and in 
Ames in 1964, 100 kernels from each of the two replicates were 
combined for each entry for oil analyses. Thus oil analyses 
were obtained on each plot from the experiment at Ames in I963 
and on a single bulk sample for each entry for each of the ex­
periments at Ankeny and Kanawha in I963 and at Ames in 1964. 
No oil analyses were obtained from the Kanawha experiment in 
1964. All oil analyses were made by the Clinton Corn Process­
ing Company of Clinton, Iowa. The percentage of total oil in 
the kernels was determined by means of a Nuclear -Magnetic 
Resonance Analyzer. Yield of oil per plant was computed as 
oil percent x yield of grain per plant . 
100 
An additional experiment was grown at Ames in 1963 for the 
I purpose of studying the oil percentage of the grain produced 
from controlled pollination. The field design and the plot 
size were the same as previously described for the other ex­
periments. In this experiment the plants within plots were 
sib-pollinated by hand. This experiment will be referred to as 
the sibbing experiment. All sib-pollinated ears were harvested 
and dried. Data were obtained on the weight of 100 kernels, 
and total oil content analyses were obtained on 200-kernel sam­
ples from each plot. 
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Biometrical Procedures 
The statistical model used for the analysis of variance of 
one experiment in one environment was, 
\ijk = ^ + ®h+ ^hi"^ ^hjk"^ ®hijk' 
where 
u = over-all mean, 
s^ = the set effect, h = 1, ... a 
^hi - replication effect, i = 1, ... b 
m^j = the male effect, j = 1, ... c 
^h1k - female effect, k = 1, ... d 
e. ... = residual error. hijk 
The appropriate part of the analysis of variance for a 
single environment which was used for estimation of genetic 
parameters is given in Table 2. 
An estimate of a variance component would be a linear 
function of the mean squares. Hence, the estimates of the var­
iance components were calculated as follows ; 
bd 
A2 ^2 M_ - M-
P-tests were made to determine if the variation among males and 
the variation among females within males was significantly dif­
ferent from zero. 
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Table 2. Portion of the analysis of variance for a single 
environment used for the estimation of genetic 
parameters 
Source of variation D.P. m.S. Expected mean 
square , 
Males (m) / Sets (S) a(c-l) «1 
Females (P)/M/S ac(d-l) «2 ^e+ ^^f 
M-P X replicates/S a(b-l)cd-l) »'3 
2 
^e 
a = sets; b = replications: c = males within set; 
d = females within male; a| - residual error variance; 
a§ = variance of the female effects; = variance of 
the male effects 
For determining the significance of variation among males^ 
m 
F = 1 with a(o-l), ac(d-l) degrees of freedom. 
and for s^. 
Mg 
P = ^  with ac(d-l), a(b-l)(cd-l) degrees of freedom. 
S  
The following relations existed within and among the 
entries of the experiment: 
1. Individuals within a plot were full-sibs, 
2. Individual plants from a certain cross grown in dif­
ferent replications were full-sibs, and 
3. Individual plants in the same or different replications 
having a common male parent but different females were 
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half-sibs. 
Kempthorne (1957, p. 46o) showed the following genetic 
expectation for the male and female variances components, 
E(s2) = covariance of half-sibs, 
and 
4- s^) = covariance full-sibs. 
The above expectations were based upon the following as­
sumptions : 1.) Diploid inheritance, 2.) No maternal effect, 
3.) No position effect, 4.) The males were mated at random to 
a random but specific number of females, 5.) Environmental and 
genetic effects uncorrelated. The genetic expectation of the 
covariances of half-sibs and full-sibs in the case of a random 
mating population with no linkage are 
Gov. half-sib = 1/4 + 1/16 cr^ + , 
Gov. full-sib = 1/2 cf-v 1/4 + 1/4 t ••• 
Hence, 
= , 
.-432 = ... ) , 
bd 
4 + 4 = 4 + (1/'^ + 1/8 «AD + 1/16 s§j,+ 
= 4 + (1/2 + 1/2 + ^ /* ®DD + •••' ' 
[(<:-t'l)M2 - M]^ - dMg] 
bd 
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= (1/2 1/2 1/4 8^ + ...) . 
Assuming no esistasis, the estimates of variance components are 
and 
• 
Therefore, in the presence of epistasis the amount of bias in 
2 
estimating would be equal to, 
1/4 1/16 ... 
2 
and that for would be equal to. 
The residual error, e, consists of 3 parts depending on the 
absence of competition among the plants, 
1.) Plot effect within a certain replication, 
2.) Environmental plant to plant variation within plots, 
and 3 . )  Genotypic plant to plant variation within plots. 
2 2 
Consequently, ^ ^ ^ ^  
n 
2 
where = plot variance 
2 
cr^ = plant to plant environmental variance 
2 
= plant to plant genotypic variance, or within full-
sib families variance. 
2 p 
So, ~ Gov. full-sib, and 
4' 4- +=?'• 
2 
where G q is the total genotypic variance and n is the number 
of plants within a plot." 
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2 - fs2 g2\ =2 
Therefore, s-G ^m+f'-tw 
e ~ 4- 1 • 
n 
The calculation and the expectation of the analysis of co-
variance between two characters Y, Y', are analogous to those 
for the analysis of variance except that cross products are 
used. Estimates of the covariance components were obtained as : 
bd 
"ff. = filzi 
b 
where = the mean product of Y, Y' for males and is analogous 
to in the analysis of variance. Mode and Robinson (1959) 
stated that the genetic covariance could be partitioned in the 
same manner as the genetic variance and is as follows: 
*GG: = °'AA' -V ^DD» + '^AAA'A' + ^ DDD'D' + " ' 
The expected values of the covariance components in terms of 
genetic parameters for the case of no epistasis are, 
= 1/4 and 
= 1/4 -f- 1/4 * 
where , is the covariance between the additive genetic ef­
fects for character Y and Y' and is the covariance between 
the dominance effects for the two characters, Y and Y'. Ac­
cordingly, the estimates of the correlation coefficients were 
obtained as follows : 
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Additive genetic, correlation (r_) = 8^, 
/r2 s'- ' s^ , 
m m' 
®AA. 
/ 1/4 s| • 1/4 s|, 
Estimates of. the genotypic variance and covariance among full-
sib families are 4(s^ 4- s^) and + s^^,), respectively. 
Therefore, the genotypic correlation coefficient is 
®mm' + ®ff' 
g " 
and the phenotypic correlation is 
^P = ^PP' 
/ s^ • s^ P P' 
where the phenotypic variance among full-sib family means 
averaged over two replicates is 
2 2 
The estimates of cr and a are linear functions of inde-
2 2 pendent mean squares. Therefore, the variance of s^ and s^ are 
linear functions of the variances of mean squares. The var­
iance of a mean square is estimated as (Snedecor 1956, p. 262) 
2 
d.f .+2. 
Then, the variance of the estimate of additive genetic variance 
would be as follows: 
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Var. = Var. 
bd 
l6(Var. Var. Mg) 
" ^ 
Likewise the variance of the estimate of dominance variance 
would be: 
2 = var. - •'l - •'"sJ Var. Sg V  
bd 
, = ^2^2 [(d+l)^ Var. ^ Var. + d^ Var. 
= Var. 3^+ b^ [(d%2d),Var. M^+d^ Var. 
Bross (7) pointed out that the normal approximation of the 
confidence interval for the variance components would give a 
valid estimate of the interval in case of large numbers of 
degrees of freedom. So for 95^ probability the confidence 
interval would be equal to 
s^ + 2 yVar. s^ 
p 
where s is the estimate of the variance component or a linear 
function of the variance components. 
Mode and Robinson (1959) gave the following equation for 
the variance of a correlation coefficient estimated from var-
iance-covariance analysis, 
.2 Var. r^ = r^ 
Var. s® var. s®, 
m • "m< 
+ ^ + 
4(Sm,)2 
m/ ^ m' 
var. Cov.(s2 , V' 
2 2 
(smm') ®m ®mm' ®mm' 
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^ Cov. (sg , sg.) 
<.) _ 
2 2 
where variances and covariances of s^, s_,, and s , are.linear 
m' m'' mm' 
functions of the variances and covariances of mean squares and 
mean products. Assuming that the genetic correlations are 
normally distributed, a genetic correlation would be signifi­
cantly different from zero if it is greater than twice its 
standard error, with 95^ probability. 
The statistical model used for the analysis of combined 
experiments was 
\ljk = ^-1- ®h + ^ hi -t- ^1 +" ^hjk 
+ (^^^hjki-T ®hijkl 
where u, s^, r^^, m^j, ^hjk' ^.nd were defined before and 
t = the effect of environment, =1, ..., i, 
(st) = interaction effect of set x environment, 
(mt) = interaction effect of male x environment, 
(ft) = interaction effect of female x environment. 
The assumptions used for the combined analysis were, 
1.) The variance of e is constant from one environment to 
another, 
2.) The various effects are additive. 
The portion of the analysis of variance used to estimate the 
genetic variance components is given in Table 3- The estimates 
of variance components were calculated as: 
Table 3. The portion of the analysis of variance used In obtaining estimates of 
genetic parameters and their interactions with environments 
Source of variation D.P. M.S. Expected mean square 
Males (M) / Sets (S) a(c-l) % 2 ®e 4 2 2 2 baff+Mamt+ ^lCTf-e 
Females (F)/M/S ac(d-l) 
"5 
2 
^e + 
, 2 2 
bcT^^ -f- b ICT^ 
M/S X environments a(c-l)(l-l) 
"6 
2 
+ I":'! 
P/k/S X environments ac(d-l)(l-l) 
"7 
2 % + 
''"ft 
Pooled error a (b-l)(cd-l) Mg 2 % 
a = sets; b = replications; c = males within sets; d = females within male; 
1 = environments. 
p 2 
o = residual error variance; a = variance of female x environment 
G 11 
P 2 
= variance of the female effect; = variance of male x environment; 
P 
a z variance of the male effect. 
m 
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s 
m 
2 ^  ^4 " % ~ ^ 
bdl 
bl 
bd 
ft -
b 
Exact values of P exist for testing the hypothesis that 
2 2 2 the components s^^, and s^^ were estimates of zero. These 
P tests are: 
: P = M /ky with ac(d-l), ac(d-l)(l-l) d.f., 
%t : F = Mg/kL with a(c-l)(l-l), ac(d-l)(l-l) d.f., 
: P = M^/Mg with ac(d-l)(l-l), a (b-l)(cd-l) d.f. 
An exact P test for the male component is not available because 
the mean squares for testing were synthesized from Table 3. 
The following ratio was used as an approximate P to test the 
variation among males. 
p, - "4+ «7 
M5+M5 
and the appropriate degrees of freedom were calculated from the 
formula given by Snedecor (1956, p. 362). 
The genetic interpretation of the estimates of the var-
43 
lance components for the assumption of no eplstasls are 
4 -I ' 
^ = 4 ' 
" 
• 
2 
where s^g = estimate of the additive genetic x environment var­
iance and 
p 
®GE ~ genotype x environment variance. 
The variance of the above estimates were calculated as: 
Var. s| = l6/(bdl)2 [var. -t- Var. t Var. Mg + Var. , 
Var. s^ = l6/(bdl)2 [var. ^ (d^l)^ Var. + Var. Mg 
4- (d+1)^ Var. > 
2 l6 I Var. Mg Var. 
Var. Sft-p. = U, and 
(bd)2 . 
P 16 
var. Sgg = 
Var. Var. M^J iy -r VCIX- rig 
b2 
The equations for the estimates of correlation coefficients and 
their variances are the same as used in the case of a single 
2 
environment except that s^ in the case of the combined analysis, 
would be equal to 
2 2 2 
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Predicted advance for selection 
Using the simple linear prediction equation, the expected 
genetic change in the mean of a population as the result of one 
cycle of selection is 
g = B(Xg - x) , 
where 
B = the linear regression of the genotypic value in the 
next generation on the phenotypic value, 
Xg = mean of the selected group, and 
X = mean of the population. 
The mean of a certain area, b, under the standard normal dis­
tribution with mean = o, and variance = 1 is z.-z 
_J. 2 ' 
b 
where z^ and Zg are the ordinates of the normal curve which 
bound that area. Assuming that the population under selection 
is normally distributed, the difference between the mean of the 
selected group and the over-all mean of the population in terms 
of standard deviation is 
b 
where z^ is the height of the ordinate of the normal curve at 
the lowest value of the selected group, Zg = o, b is the selec­
tion intensity, and K is the selection differential in units of 
standard deviation. Therefore, the difference in terms of meas­
uring units is 
(^s - x) = K Op , 
where or is the standard deviation of the population. Lush 
P 
(1945) gave the selection differential, K, for different se­
lection intensities. 
So, g = B K Qp . 
3 in the previous equation depends on the selection method and 
it is a function of the additive genetic variance, the additive 
type of epistasis and the phenotypic variance. 
Griffing (1960) listed the assumptions for the validity 
of the predicted genetic gain from selection equation. The 
three assumptions for the use of the prediction equation were: 
—1.) The genetic variability of the characters studied is 
controlled by many genes each with small effect; 
2.) The phenotypic and genotypic variability are normally 
distributed; and 
3 . )  The Initial random mating population is in linkage 
equilibrium. 
In the case of mass selection, where selection is based on 
the seed parent only, 
- - B = 1/2 4 
; 32 
Therefore, g = 1/2 _A s K 
s2 ^ 
P 
= 1/2 k . 
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O 
For the population under study, no exact estimate of 
is available. However, an approximate estimate could be cal­
culated . It was shown before that 
,2 s§-(sm + =|) f «« 2 
Se = t 
n 
If the number of the plants within plots is 10, then, 
- 4^ + 10 =1 • 
So, (3^ + 4 + 10 Se = s* + +82 t 9 
= t 9 s2 
Therefore, our estimate of the phenotypic variance for the mass 
selection population will be over-estimated by 9 s^ and conse­
quently, the predicted advance from mass selection would be 
under-estimated. 
For full-sib family selection, the heritability or B 
value would be equal to, 
1/2 8= 
s2 
P 2 
where the phenotypic variance among full-sib family means, s^ 
tested over 1 environments with r replications at each envi­
ronment is 
Sp = 4 + 4 —^ • 
1 rl 
Hence, the predicted progress from selection would be. 
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p p 2 2 2 
-t- ®e 
1 ri 
The predicted genetic advance from selection for the case of a 
progeny test (recurrent selection for general combining ability) 
is p 
2 K (l/4)s^ 
g = 2 
s 
P 
2 Where s^ is the phenotypic variance among half-sib family means 
and it included the following: 
_2 2 _2 2 
.2 _ ,2 =mt =ft , 
p- ' 
The selection in the case of progeny test is done among 
the selfed males which are used to construct the new population. 
However, the differentiation among the selfed males is based 
upon the average performance of the half-sib family means. Each 
half-sib family is composed of four separate full-sib families. 
To complete one cycle of full-sib family selection or progeny 
test selection, three years would be required, whereas, one 
cycle of mass selection could be completed in one year. 
The predicted genetic change in character X when the se­
lection is for character Y can be calculated by the following 
equation, 
K Gov, xy 
g = s 
py 
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where Gov. xy, is a function of the additive genetic covariance 
2 between characters X and Y and s^^ is the phenotypic variance 
of character Y. For mass selection, full-sib family selection 
and progeny test selection. Gov. xy was, 
GOV. xy = 1/2 
= 2 S 
Vy 
where a. . is the additive genetic covariance between charac-
^x&y 
ters X and Y, and s^ ^  is the covariance between the male com­
ponents for characters X and Y, 
The selection intensity used for all the prediction equa­
tions was 5^, consequently, K was 2.06. 
Selection index 
Smith (1936) presented the theoretical procedure for the 
construction of a selection index using analysis of variance 
and covariances. In constructing a selection index the follow­
ing information should be available: 
1. Economic value for each character in the index or 
relative weight, 
2. Additive genotypic variances and covariances between 
characters, 
3. Phenotypic variances and covariances between charac­
ters. 
Let G = the genetic worth of an individual. 
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P = the phenotyplc value of that individual, 
= the additive genetic value of that individual for 
character 1 while the phenotypic value for the 
i^^ character is 
a^ = the relative economic weight of character i, and 
= the weight for the phenotypic value of character i. 
Therefore, 
G — T a.G,J and 
i 
P = T, b.P, 
i ^ ^  
On the hypothesis that the phenotypic value of a character can 
be partitioned into the following two parts and both of them 
are independent, 
PjL = Gj_ and 
^ii = ^ii f. ®ii 
where Ej_ is due to non-additive genetic and environmental ef­
fects and p^^, g^^ and e^^j^ are the phenotypic, additive genetic, 
and non-additive variances for character i, respectively. 
Then, Var. (G) = S a.a. g., , 
ij 1 J IJ 
Var. (P) = 7. b^bj , and 
^ J 
Gov. (GP) = a^bj_ g^j , 
where s^y e^^ are the covariances of G^ and G y P^ and 
Pj and and E^, respectively. It was indicated before that 
the advance from selection is 
50 
g = B K a 
P 
So, for a certain selection intensity the advance from selec­
tion would be a function of B [var. 
The regression coefficient of G on P is then. 
Gov.(GP) 
B = Var.(P) 
when one substitutes for B and Var. (P), the expression of g 
in terms of K, the selection differential, has the following 
form. 
7 Sij 
8 = ^  • J y- b b p 
M b.b^ p 
^ij ^ 3 
Then, Log g = log r a.b. g., - 1/2 log y b b p . 
ij 1 J IJ ij 1 J Ij 
Maximizing the advance from selection with respect to b, we 
find B[var. (P) is a maximum when 
J PlJ = " Î 
By using relative value of bj's, U would be constant in all 
equations and there is no need for it to be evaluated. 
Solving for b^'s in matrix notation, the last equation 
could be expressed as. 
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P P 11 12 
P P 
21 ^22 
"In 
2n 
A 
b. 
/N 
h 
n 
®11 Si2 
'21 ^22 
Slri 
®2n 
^nl Gn2 nn 
a. 
a.. 
nl n2 nn 
In general notation, this Is 
[ p j  [ b] = [a] [a] 
-- [d] 
The estimate of the phenotypic weights are obtained as 
[ [° ] [ ® ] ' 
where 
P J = matrix of the phenotypic variances and covariances, 
j~ 3 J = vector of the phenotypic weights, 
I" A j = vector of the relative economic weights, 
G J = matrix of the additive genetic variances and covar­
iances, 
j  = the inverse^matrix of P  
of that matrix. 
and and cjare the elements 
so, -Oi = V J aj. 
The expected genetic advance was given as 
V 
ij 
J . 
g = K 
/ h  
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substituting for the estimate of b^ in Var. (P) 
A 
= K r. ®ij 
J Ij biSj Sij P3.J 
^ a b, g, 
= K ij*  ^
J h 
= 7 l 
In this study the selection was to maximize the yield of oil, 
therefore, the economic weight is one for yield of oil, zero 
for other characters. The genetic advance then reduces to. 
®  =  V I  
where g is the genetic covariance between the yield of oil 
1J 
per plant and the character J. 
In. the calculation of the selection indexes, the genotypic 
and phenotypic variance and covariances were based on the var­
iances and covariances among full-sib families. 
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EXPERIMENTAL RESULTS 
Means and coefficient of variability for the various char­
acters in each of the five environments separately and for all 
five environments combined are presented in Table 4. The anal­
yses of variance for each of the characters in each of the five 
environments are given in Table 5 - F values were calculated to 
test the deviation of the variance components from zero. A test 
2 for the significance of the variation among femal-es effect, s_^j 
for oil percentage and yield of oil per plant is not available 
because oil analyses for the experiments grown in Ankeny in 
1963J Kanawha in I9Ô3, and Ames in I963 were obtained from only 
one bulk sample for each full-sib family over the two replicates 
2 
at each environment. Therefore, v;as not estimable. All the 
p 
estimates of the male component of variance, s^, were highly 
significantly different from zero at the 1% level of probabil­
ity. Since is a function of the additive genetic variance 
and the additive types of epistasis, the additive genetic var­
iance would be significant for all the characters under study 
if epistasis was absent or negligible. 
2 The variation among females, s^, was highly significant at 
the Vfo level of probability for all characters except for lodg­
ing percentage at Ames in 1964 where it was significant at the 
5^ level of probability. The variance among female effects, 
2 00 2 
5^, equals 1/4 s^-j- l/4 s^ or 1/4 s^ in the case of no epis­
tasis. Thus genetic differences were observed in the popu-
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Table 4. Means (x) and coefficients of variability (c.v.) for 
different characters measured in different environ­
ments 
Character Ankeny Kanawha Ames Kanawha Ames Combined 
1963 1963 1963 1964 1964 
Silking date 
(c.v.) 
Plant height (cm) 
(x) 181.5 
(c.v.) 3.1 
Ear height (cm) 
(xj 80.0 
(c.v.) 5.0 
Shelling percentage 
(x7 82.8 
(c.v.) 1.3 
100-kernel weight 
26.4 
(o.v.) 5.7 
Lodging percentage 
(x) 13.4 
(c.v.) 69.9 
Oil percentage 
(x) 8.6 
(c.v.) 
Yield of grain 
146.9 
(c.v.) 8.9 
Yield of oil 
12.7 
( c . v . )  
24.1 
4.9 
19.5 21.8 
5.9 5.3 
193.6 193.1 184.8 183.7 187.4 
3.1 3.1 3.4 4.0 3.3 
89.6 87.9 80.2 74.8 82.5 
6.2 5.2 5.9 7.7 6.0 
84.0 83.5 82.8 84.1 83.2 
1.3 1.3 1.7 1.8 1.4 
27.9 27.3 26.9 28.4 27.4 
5.2 5.1 5.9 7.5 5.9 
8.8 14.4 10.8 13.2 12.1 
96.9 64.4 94.1 90.0 81.7 
9.0 8.9 
3.. 9 
8.9 
14.4 13.5 
10.8 
8.9 
159.8 151.5 143.3 159.5 152.2 
10.1 8.9 10.2 11.0 9.9 
14.2 13.7 
Table 5. Mean squares for all characters for each of the five environments 
Character 
Mean squares 
Source of 
variation 
Ankeny 
1963 
Kanawha 
1963 
Ames 
1963 
Kanawha 
1964 
Ames 
1964 
Silking date 
Plant height 
Ear height 
Shelling 
percentage 
Lodging 
percentage 
Males (M)/Sets (S) 
Females (f)/M/S 
M-F X replicates/S 
M/S 571.96** 
F/Ï4/S 111.69** 
M-F X replicates/S 31.31 
M/S 334.78** 
F/M/S 68.33** 
M-F X replicates/S 15.67 
M/S 12.55** 
F/M/S 4.65** 
M-F X replicates/S I.07 
M/S 333.77** 
F/k/S 160.92** 
M-F X replicates/S 87.11 
10.44** 
2.81** 
1.37 
600.01** 670.69** 
139.79** 163.52** 
35.68 35.68 
341.11** 361.68** 
104.17** 104.90** 
30.51 21.32 
10.62** 11.36** 
3.72** 3.09** 
1.26 1.10 
13.78** 
3.28** 
1.32 
570.27** 836.66** 
129.38** 220.89** 
39.18 53.77 
318.23** 381.15** 
100.02** 125.62** 
22.55 33.00 
14.48** 11.37** 
5.33** 4.58** 
1.95 2.23 
169.75** 245.09** 465.24** 502.27** 
100.92** 133.37** 165.10** 173.93* 
72.76 86.08 104.35 140.73 
**Significant at the 1% level of probability. 
*Significant at the 5^ level of probability. 
Table 5. (continued) 
Mean squares 
Character 
Source of 
variation 
Ankeny 
1963 
Kanawha 
1963 
Ames 
1963 
Kanawha 
1964 
Ames 
1964 
Weight of 100 
kernels 
Oil percentage 
(x lO^JT 
Yield of grain 
Yield of oil 
M/S 39.72** 
F/k/8 9.96** 
M-F X replicates/S 2.26 
M/S 
P/M/S 
M-P X replicates/S 
123.29** 
33.73 
M/S 
F/M/S 
M-P X 
replicates/S 
M/S 
F/M/S 
M-P X replicates/S 
1176.90** 
434.22** 
170.33 
30.33** 
6.08** 
2.04 
94.09** 
19.73 
26.71** 
7.20** 
1.96 
169.96** 
45.25** 
12.25 
28.43** 
6.73** 
2.54 
32.80** 
7.79** 
4.54 
91.58** 
25.23 
962.32** 1000.47** 852.81** 1412.94** 
522.79** 373.49** 470.49** 549.34** 
260.87 180.62 215.49 308.56 
6.75** 6.37** 
2.89 2.68 
10.28** 
4.62** 
2.11 
6.83** 
2.91 
^Scaling factor applies to mean squares. 
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lation for all characters under study. The estimates of the 
experimental error were not uniform from one environment to 
another. The experiment grown in Ames in 1964 had higher esti­
mates for error than did the other four experiments. For most 
of the characters the estimates of error were similar at all 
locations for the first year in which the conditions for grow­
ing corn were better than in the second year. 
The combined analysis of variance for all environments and 
the results of the P test for the deviation of the variance 
components from zero are given in Table 6. For the combined 
p 
analysis, the estimates of error variance, s^, were assumed to 
be homogenous for all the environments. This assumption was 
not valid according to Bartlett's test of homogeneity of var­
iance as given by Snedecor (1956, p. 285). The heterogenous 
error would bias the estimates of variance components for the 
combined analysis. The bias in the case of the heterogenous 
2 2 
error would be upward. Estimates of and for the combined 
analysis were highly significantly different from zero for all 
the characters under study. Estimates of male x environment 
2 
variations, s^^, for plant height, lodging percentage, weight 
of 100 kernels, oil percentage, and yield of oil were highly 
significantly different from zero, whereas, s^^ for ear height 
and yield of grain were significant at the 5^ level of proba­
bility. The variances of the male effect x environment were 
not significant for either silking date or shelling percentage. 
P Estimates of the male x environment variance, s^^, are func-
Table 6. Mean squares for the combined analysis of variance 
Source 
Silking 
date 
Mean squares 
Plant 
height 
Ear 
height 
Shelling 
percentage 
Lodging 
percentage 
Males (M) / Sets (S) 11.90** 2965.30** 1571.91** 51.29** 1102.82** 
Females (F)/M/S 
M/S X environments 
P/%/8 X environments 
Pooled error 
2.94** 581.03** 372.99** 
1.56 
1.45 
1.35 
70.97** 41.20* 
47.05** 32.50** 
38.52 24.42 
13.71** 
2.02 
1.78** 
1.43 
266.54** 
156.93** 
116.91** 
97.76 
U1 
00 
**Slgnlfleant at the 1% level of probability. 
*Signlfleant at the 5^ level of probability. 
Table 6, (continued) 
Mean squares 
100 kernels Oil percentage Yield of grain Yield of oil 
Source weight (x 10^)t 
M/S 139. 62** 344, .62** 4107.71** 18.16** 
P/M/S 25. * 1
—
I 
71 .31** 1268.66** 5.92** 
M/S X environments 4, .59** 16 .06** 324.31* 2.30** 
P/%/8 X environments 3, * * t
—
I 
10 .00 270.43** 1.63 
Pooled error 2, .64 225.55 
^Scaling factor applies to mean squares. 
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tions of the additive genetic effect x environment variance. 
The variation of female effect x environment variance, 
0 p 
8 _ _ ,  e q u a l s  1 /4 of the genotype x environment variance, s„^. 
1 u GE 
2 
Estimates of were highly significant at the 1^ level of 
probability for plant height, ear height, shelling percentage, 
lodging percentage, and 100-kernel weight. The estimate of 
2 
a was not significantly different from zero for silking date. 
No exact estimate of female x environment variation for oil per­
centage and yield of oil was possible as there was no estimate 
of error variance for the combined analysis. An estimate of 
the error variance was used from the experiment grovm in Ames 
in 1963. Since t^e expectation of the mean square for female 
2 2 
X environment equals f ®'ft' approximate estimate of 
2 
CT was calculated. 
Estimates of the additive genetic, dominance variance, 
additive genetic effect x environment variance, and genotype 
X environment variance are presented in Table 7. Standard 
errors of the estimates are included in Table J. If the esti­
mates are normally distributed, the confidence interval for the 
95^ level of probability would be bounded by + 2 standard errors 
2 
of the estimate. Dominance variance, was not directly esti­
mated from any of the variance components, but it is a linear 
function of the variance components. Therefore, P values could 
not be calculated to test the deviation of the dominance var­
iance from zero. However, any dominance variance exceeding 
twice its standard error was considered different from zero 
2 2 
Table ?• Estimates of the additive genetic variance (s ), dominance variance (s ), 
2 
additive x environment variance (s ), genotype x environment variance 
2 (s ), and their standard errors 
^ GE' 
2 2 2 2 
Character Environment s s. s 
A D AE GE 
Silking date 
Plant height 
Ear height 
Ames 1963 
Ames 1964 
Combined 
Ankeny 1963 
Kanawha 1963 
Ames 1963 
Kanawha 1964 
Ames 1964 
Combined 
Ankeny I963 
Kanawha 1963 
Ames 1963 
3.82+0.95 
5.24+1.25 
4.42 +1.02 
228.12^51.67 
230.12+54.31 
253.58+60.83 
220.44+51.67 
307.88+75.89 
236.04+53.59 
133.24j30.26 
118.48+31.08 
128.39+32.86 
-0.94+1.20 
-1.33±1.50 
-1.44+1.18 
-59.36+59.41 
-21.92+64.81 
2.09+73.42 
-40.01+26.36 
26.36^94.18 
-22.44+60.89 
-27.92+34.79 
28.84+41.35 
38.77+42.19 
0.11+0.18 
11.96+3.44 
0.40+0.34 
17.08+5.70 
Table 7» (continued) 
Character Environment 
Shelling 
percentage 
Weight of 
100 kernels 
Kanawha 1964 
Ames 1964 
Combined 
Ankeny I963 
Kanawha 1963 
Ames 1963 
Kanawha 1964 
Ames 1964 
Combined 
Ankeny I963 
Kanawha 1963 
Ames 1963 
Kanawha 1964 
109.12+29.02 
127.76+34.79 
119.02+20.05 
3.96+1.44 
3.48+0.97 
4.13+1.03 
4.56+1.33 
3.40+1.05 
3.97+0.95 
14.88+3.61 
12.12+2.74 
9.76+2.43 
10.85+2.96 
45.84+38.47 
57.48+47.12 
17.16+24.21 
3.20+1.85 
1.44+1.36 
-0.15+1.30 
2.20+1.91 
3.60+1.61 
0.80+1.17 
0.52+4.39 
-4.08+3.15 
0.73+3.03 
-2.48+3.44 
4.36+2.05 
0.12+0.10 
16.16+3.85 
0.62+0.22 
Table 7. (continued) 
2 
Character Environment s, 
A 
Lodging 
percentage 
Ames 1964 
Combined 
Ankeny I963 
Kanawha I963 
• Ames 1963 
Kanawha 1964 
Ames 1964 
Combined 
12.50+2.97 
11.30+2.63 
86.44+31.06 
34.52+16.06 
55.86+23.02 
150.08+42.66 
164.16+46.04 
79.63+20.05 
89.60+22.45 
74.36+17.03 
62.2iti5.36 
66.35+16.67 
Oil percentage 
(x 100)t 
Ankeny I963 
Kanawha 1963 
Ames 1963 
Ames 1964 
i"Scaling factor applies to mean squares. 
-6.04+3.65 
-2.52_4.75 0.72t.19 1.00+0.43 
61.20+53.01 
21.36+32.40 
38.75+43.24 
-28.56+62.05 
-97.76+68.19 
-19.80+24.21 20.OO4J.73 38.32+14.25 
3.78+20.17 
Table 7. (continued) 
) 
Character 
per plant 
Yield of oil 
per plant 
Environment 
2 
s 
A 
2 2 
®AE 
2 
s 
GE 
Combined 66.80+15.59 -5.48+17.92 6.04+1.73 15.50 
Ankeny 1963 317.36+108.17 156.40+155.56 
Kanawha I963 219.76+90.39 304.08+164.92 
Ames 1963 313.49+91.82 92.49+134.54 
Kanawha 1964 191.16+80.25 318.84+146.97 
Ames 1964 431.80+130.00 49.76+196.72 
Combined 278.52+74.97 120.76+98.22 26.96+16.27 89.76+32 
Ankeny 1963 3.86+1.24 
Kanawha 1963 2.68±I.17 
Ames 1963 2.83±0.95 2.19+1.54 
Ames 1964 3.92+1.26 
Combined 2.89+0.83 1.40+1.12 0.55+0.26 3.30 
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according to the normality assumption. 
For all the characters under study the additive genetic 
2 
variance, s was significantly greater than zero. In addi-
A 
tion, it was greater than the dominance variance except for 
yield of grain in Kanawha in 1964. The fluctuations in the 
estimates of the additive genetic variance in the different 
environments were relatively small for all characters except 
for lodging percentage and yield of grain. The estimates of 
p p 
sf obtained from one environment would be biased by s 
A AE 
P 
Therefore, the variation in the estimates of from one envi­
ronment to another for yield of grain and lodging percentage 
is indicative of the importance of genotype x environment in­
teraction . 
The estimates of the dominance variance were less than 
twice their standard errors, for all the characters except for 
yield of grain in the 1964 Kan&wha experiment. All of the 
estimates of dominance variance were positive for yield of grain 
2 
and yield of oil. The estimates of for both experiments at 
Ames were less than their standard errors. For the Kanawha ex­
periments, one of the estimates of dominance variance approached 
twice its standard error while the other was greater than double 
its standard error. The dominance variance estimated from the 
Ankeny experiment equaled one standard error. The estimates of 
2 (7^ for the combined analysis were negative for silking date, 
weight of 100 kernels, plant height, lodging percentage and oil 
percentage. The dominance variance was positive but less than 
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one standard error for ear height, shelling percentage, and 
greater than one standard error for yield of grain and yield 
of oil. None of the estimates of dominance variance from the 
combined analysis was greater than twice its standard error. 
For yield of grain, the higher estimates of the additive var­
iance were associated with lower estimates of dominance var­
iance. 
The estimates of the additive genetic x environment and 
genotype x environment variances were highly significantly dif­
ferent from zero for plant height, weight of 100 kernels, and 
2 lodging percentage. The estimate of was significant, and 
AS 
o 
that for cTgg was highly significant for ear height and yield 
of grain. For shelling percentage, only the genotype x envi­
ronment variance was highly significant. For silking date, 
neither the additive genetic x environment nor the genotype 
X environment interaction were significant. The environment 
effect for silking date represents the year effect. This would 
indicate that the fluctuation In the estimates of the genetic 
parameters from one year to another is due to random error. 
The additive genetic effect x environment variance were highly 
significant for yield of oil and oil percentage. Approximate 
estimates of genotype x environment variance with no test of 
significance are given. The estimates of genotype x environ­
ment variance were relatively small compared to the additive 
genetic variance for silking dates, plant height, ear height, 
weight of 100 kernels, and shelling percentage. The genotype 
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X environment interactions were rather high for yield of grain, 
yield of oil, and lodging percentage. The estimates of the 
genotype x environment variance for these characters were 
greater than the additive genetic x environment interaction. 
For plant height, weight of 100 kernels, and lodging percentage 
the estimates of the dominance variance were negative; the 
genotype x environment interactions were within the confidence 
interval of the additive genetic variance for the 99^ level of 
probability. For ear height, shelling percentage, and yield of 
grain the 99^ confidence interval for the additive genetic x 
environment variance did not include the estimates of the geno­
type X environment variance. In other words, the additive 
genetic x environment variance was highly significantly dif­
ferent from the genotype x environment interaction for the 
characters with positive dominance variance. 
The estimate of the phenotypic, genotypic, additive, 
dominance, and genotype x environment variances and the ratio 
of the additive genetic variance to the total genotypic var­
iance among full-sib family means averaged over five environ­
ments are given in Table 8. The genotypic variance among full-
P 2 
sib families equals 1/2 ^ 1/4 s^ if epistasis is absent. 
The maximum value of the ratio of the additive genetic variance 
to the total genotypic variance should be equal to one. For 
all negative estimates of the dominance variance, the ratio was 
given its maximum value of one. The additive genetic variance 
was the only significant component of the genotypic variance 
2 2 
Table 8. Estimates of the phenotyplc variance (s ), genotyplc variance (s ), 
2 \ / P \ 8 
additive genetic variance (s ), dominance variance (su), and genotype 
a ^ 
X environment variance (sg^) among full-slb family means averaged over 
the five environments 
Character s2 
S 
^2 
a 
s^ ge 
Silking date 2.25 1.85 2.21 -0.36 0.02 1.00& 
Plant height 117.71 112.41 118.02 -5.61 1.46 1.00* 
Ear height 67.28 63.81 59.52 4.29 1.03 0.93 
Shelling percentage 2.37 2.19 1.99 0.20 V 
J 
0.04 0.91 
Weight of 100 kernels 5.34 5.03 5.66 -0.63 J 0.09 1.00& 
Lodging percentage 47.56 34.87 39.82 -4.68 2.92 1.00& 
Oil percentage (x 10^)* 34.91 32.04 33.04 -1.37 1.35^ „ 1.00& 
Yield of grain 197.84 169.45 139.26 30.19 5.84 0.82 
Yield of oil 2.24 1.80 1.45 0.35 0.22^ 0.81 
*Scallng factor applies to the variances. 
^•Maximum expected value. 
^Approximate estimates. 
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for silking date, plant height, weight of 100 kernels, lodging 
percentage and oil percentage. The additive genetic variance 
was the major component of the genotypic variation for yield of 
oil, yield of grain, ear height and shelling percentage since 
the magnitude of the additive genetic variance to the total 
genetic variance was high for these characters. 
Estimates of the additive genetic, genotypic, and pheno-
typic covariances between pairs of characters among full sib-
families for the individual experiments and for the combined 
analysis are given in the Appendix in Tables 19 to 24. Esti­
mates of variances and covariances were used to calculate addi­
tive genetic, genotypic and phenotypic correlations. The esti­
mates of the correlations between oil percentage and other 
characters and the standard errors of the additive genetic cor­
relations are given in Table 9- Any estimates of the additive 
genetic correlation that exceeds twice its standard error was 
considered significantly different from zero. The estimates of 
the additive genetic correlations were less than one standard 
error for plant height, ear height, and shelling percentage. 
No association was apparent between oil percentage and the 
above characters. The estimate of the additive genetic cor­
relation between oil percentage and lodging percentage, silking 
date, and yield of grain were greater than one standard error 
and less than two. 
A negative association between the oil content of the grain 
and both silking date and yield of grain was indicated. The 
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Table 9. Estimates of the additive genetic correlation (r ), 
the genotypic correlation (r^), and the pheno- ^ 
typic correlation (r ) between oil percentage and 
other agronomic characters t 
Character Ankeny Kanawha Ames Ames Combined 
1963 1963 1963 1964 
Silking date r -.4l4 -.298 -.309 
^ (.156) (.158) (.145) 
r -.301 -.261 g 
r -.294 -.219 -.249 
Plant height r^ .001 -.151 -.106 -.351 -.16O 
^ (.170) (.159) (.172) (.163) (.177) 
r -.105 -.095 g 
r .010 -.065 -.082 -.086 -.083 
Ear height r^ .129 -.010 .115 -.127 .052 
^ (.166) (.169) (.178) (.184) (.166) 
Tg -.039 .015 
Tp .093 -.004 .019 .032 .019 
Shelling r .043 .076 .045 .067 .009 
percentage ^ (.191) (.178) (.177) (.208) (.190) 
r -.008 .024 
ë 
r .028 -.003 .024 .006 -.012 
P ' 
Weight of r .190 .084 -.160 -.216 -.054 
100 kernels ^ (.170) (.169) (.174) (.169L (.016) 
r -.084 .070 
O 
r^ .205 .059 -.012 -.130 -.035 
^The estimates in parentheses are the standard errors of 
the additive genetic correlations. 
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Table 9. (continued) 
Character Ankeny 
1963 
Kanawha 
1963 
Ames 
1963 
Ames 
1964 
Combined 
Lodging 
percentage ^a 
.046 
(.212) 
.361 
(.240) 
.025 .022 
(.194) 
.186 
(.174) 
-.001 
-.131 .017 .070 -.028 -.002 
Yield of 
grain ^a 
-.127 
(.192) 
.037 
(.216) 
-.262 
(.187) 
-.073 
-.210 
(.188) 
-.247 
(.171) 
-.142 
-p .073 .039 .021 .038 .082 
Yield of oil 
^a 
fg 
.590 
(.130) (!O20) 
.483 
(.153) 
.550 
,.399^ 
(.173) 
.524 
(.174) 
.525 
"p .655 .550 .555 .467 .535 
additive genetic correlation between oil percentage and lodging 
percentage was positive. The only significant additive genetic 
correlations were obtained between the oil percentage, and each 
of yield of oil and silking date. 
The correlation coefficient between yield of oil and other 
characters are given in Table 10. The yield of oil was signif­
icantly correlated with plant height, ear height, 100-kernel 
weight, yield of grain and oil percentage. For these charac­
ters, the estimates of the additive genetic, genotypic, and 
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Table 10. Estimates of the additive genetic correlation (r ), 
the genotypic correlation (r ), and the pheno- ^ 
typic correlation (rp) "between yield of oil and other 
agronomic characters f 
Character Ankeny Kanawha Ames Ames Combined 
1963 1963 1963 1964 
Silking date r^ -.164 .271 .051 
^ (.200) (.191) (.207) 
r -.332 .046 
S 
r^ -.117 .093 .018 
Plant height r^ .511 .348 .545 .309 .431 
^ (.148) (.170) (.152) (.178) (.148) 
rg .441 .480 
r .406 .362 .389 .395 .447 
Ear height r^ .529 .336 .535 .372 .485 
^ (.149) (.185) (.163) (.185) (.147) 
rg .383 .413 
rp .349 .259 .340 .417 .387 
Shelling r .044 -.173 .00? .083 .029 
percentage ^ (.218) (.221) (.205) (.220) (.209) 
r_ -.004 .119 
O 
r^ .287 .264 .175 .225 .143 
Weight of r .6o4 .403 .144 .187 .365 
100 kernels ^ (.l40) (.212) (.169) (.190) (.159) 
rg .194 .271 
rp .489 .326 .303 .107 .282 
"^The estimates in parentheses are the standard errors of 
the additive genetic correlations. 
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Table 10. (continued) 
Character Ankeny 
1963 
Kanawha 
1963 
Ames 
1963 
Ames 
1964 
Combined 
Lodging 
percentage 
r 
a 
''s 
.027 
(.251) 
,.431, 
(.274) 
.185 
(.226) 
-.007 
.047 
(.214) 
.278 
(.194) 
-.028 
^p -.192 -.019 -.007 -.024 -.048 
Yield of grain 
^a 
.717^ 
(.097) 
,.699, 
(.123) 
.717 
(.098) 
.779 
.780 
(.066) 
.694 
(.096) 
.764 
^P 
.830 .855 .833 .854 .798 
Oil 
percentage ^a 
rg 
,.590 
(.127) Cii) 
.483 
(.153) 
.550 
,.399^ 
(.173) 
.524 
(.174) 
.525 
fp .655 .550 .555 .467 .535 
phenotypic correlations were of the same magnitude. This would 
be explained on the basis that the additive genetic variation 
was the major component of the phenotypic and genotypic var­
iances . 
The correlation coefficient between yield of grain and the 
other characters are given in Table 11. Significant positive 
correlations were found between yield of grain and plant height, 
ear height, weight of 100 kernels, and yield of oil. The high­
est association in Table 11 was between yield of oil and yield 
of grain. The estimates of the genetic and phenotypic correla-
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Table 11. Estimates of the additive genetic correlation (r^), 
the genotypic correlation (r ), and the pheno-
typic correlation (rp) between yield of grain and 
other agronomic characterst 
Character Ankeny Kanawha Ames Kanawha Ames Combined 
1963 1963 1963 1964 1964 
Silking date r. 
•g 
-.080 
(.190) 
.065 
.015 
.487 .308 
(.159) (.177) 
.412 
.234 
.251 
.186 
Plant height r .527^ 
a (.134) 
.532 
.485 
.601 
.124; 
.619 
.477 
.683 .727 .565 .641 
(.115) (.141) (.135) (.106) 
.599 .566 .606 .617 
.519 .445 .497 .579 
Ear height 
g 
.513 .491 
(.140) (.192) 
.415 .410 
.503 .362 
(.149) (.210) 
.481 .341 
.381 .309 .418 .292 
.469 
(.159) 
.501 
.448 
.470 
(.142) 
.439 
.419 
Shelling 
percentage 
r„ .146 
a (.182) 
r .204 g 
rp .229 
.111 .073 .077 .060 .049 
.245) (.192) (.257) (.217) (.184) 
.135 .017 .468 .284 .176 
.161 .201 .373 .258 .214 
Weight of 
100 kernels 
.575. .503 .301 .449 .346 .440 
^ (.136) (.165) (.173) (.195) (.172) (.152) 
Tg .540 .402 .282 .188 .198 .344 
rp .499 .357 .323 .218 .203 .335 
'The estimates in parentheses are the standard errors of 
the additive genetic correlations. 
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Table 11. (continued) 
Character Ankeny 
1963 
Kanawha 
-3963 
Ames 
1963 
Kanawha 
1964 
Ames 
1964 
Combined 
Lodging 
percentage 
r 
a 
-.002 
(.223) 
-.253 
.288 
(.309) 
.023 
.124 
(.245) 
.003 
-.173. 
(.234) 
-.394 
.036 
(.205) 
.098 
.040 
(.184) 
-.111 
-.187 -.057 .004 -.245 -.024 -.108 
Oil 
percentage ^a 
-.127 
(.192) 
.037^ 
(.216) 
-.262 
(.187) 
-.073 
-.210 
(.188) 
-.247 
(.171) 
-.142 
^P 
.073 .039 -.021 -.038 .082 
Yield of 
oil ^a 
.717^ 
(.097) 
,.699^ 
(.123) 
.717 
(.098) 
.779 
.780 
(.066) 
.694 
(.096) 
.764 
rp .830 .855 .833 .854 .798 
tions were similar to the additive genetic correlations. 
Estimates of the correlation coefficients between silking 
date, plant height, ear height, shelling percentage, weight of 
100 kernels, and lodging percentage for the combined analysis 
are presented in Table 12. The highest correlation coefficient 
was the additive genetic correlation between plant height and 
ear height. Weight of 100 kernels was negatively correlated 
with shelling percentage and lodging percentage. The additive 
genetic correlation between lodging percentage and plant height 
was significantly different from zero. However, the associa-
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Table 12. Estimates of the additive genetic correlation (r^), 
the genotypic correlation (r_), and the pheno-
typic correlation (r^) between pairs of agronomic 
characters for the combined datat 
Character 
Plant Ear Shelling 
height height percentage 
Weight of 
100 kernels 
Lodging 
percentage 
Silking r_ .541 .406 -.370, ,'289, .190^ 
date Ci (.122)(.12l) (.155) (.159) (.173) 
.520 .513 -.246 .144 .117 
.472 .455 -.220 .108 .062 
Plant r„ .823 -.195 .332 .282 
height a (.055) (.163) (.144) (.161) 
.791 -.103 .251 .088 
.785 -.096 .241 ,074 
Ear r^ -.152 .248 .471 
height a (.170) (.155) (.145) 
-.067 .172 .288 
-.063 .170 .244 
Shelling r. -.364 .047 
percent­ 8L (.150) (.178) 
age -.231 .037 
"p -.197 .031 
Weight of -.545^ 
100 a, (.123) 
kernels fg -.417 
^p -.372 
^The estimates in parentheses are the standard errors of 
the additive genetic correlations. 
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tion between plant height and lodging percentage was not signif­
icant. In most of the cases, the phenotypic and genotypic cor­
relations were less than the additive genetic correlations. 
The yield of oil was significantly associated with plant 
height, ear height, weight of 100 kernels, yield of grain and 
oil percentage. Selection indices were constructed for maxi­
mizing the genetic advance for yield of oil upon selecting the 
best 5^ of the full-sib families using combinations of the above 
characters. As the main interest is to increase the yield of 
oil by selection, the economic weight used in the selection 
indices were one for the yield of oil and zeroes for the other 
characters. Five selection indices were calculated using the 
phenotypic and additive genetic variances and covariances among 
full-sib families tested in five environments. In addition 
two selection indices were computed using estimates from data 
collected from Ames in 1963. The five selection indices con­
structed from the combined data were 
I.a. Index is based on plant height, weight of 100 kernels, 
oil percentage, yield of grain, and yield of oil. 
I.b. Index is obtained utilizing yield of oil, yield of grain 
and oil percentage. 
I.e. Index is based on yield of oil and yield of grain. 
I.d. Index is based on yield of oil and oil percentage. 
I.e. Index is based on yield of grain and oil percentage. 
The indices constructed utilizing estimates from one environ­
ment were 
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I.f. Index is based on plant height, weight of 100 kernels, 
yield of oil, yield of grain, and oil percentage. 
I.g. Index is based on yield of oil, yield of grain and oil 
percentage. 
The phenotypic weights of the different indices are given in 
Table 13. It is evident from comparing the phenotypic weights 
of I.a. with I.f. and I.b. with I.g. that increasing the pre­
cision changed the relative values of the characters for selec­
tion for yield of oil. The phenotypic weight for yield of oil 
had the greatest value in the selection indices based on the 
combined analysis. Oil percentage was the most important char­
acter for the selection indices based on information from Ames, 
1963. 
The basic objective of any selection method is to maximize 
the genetic advance. Therefore, any evaluation of the effi­
ciency of selection procedures would be through comparing their 
predicted genetic changes. The predicted genetic changes in 
yield of grain, yield of oil, and oil percentage based upon 
selecting the best 5^ of the units under selection were calcu­
lated. The predicted genetic advance from selection among full-
sib families tested in five environments when selection is based 
on each of the characters, yield of oil, yield of grain, and oil 
percentage was used as a basis for comparing the relative effi­
ciency expected from using different selection procedures. The 
expected genetic changes for oil percentage, yield of grain, 
and yield of oil from mass selection, full-sib family selection 
; 
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Table 13. Phenotypic weights of various selection indices 
Index 
Yield of 
oil 
Yield of 
grain 
Oil 
percentage 
Plant 
height 
Weight of 
100 kernels 
I.a 0.558 -0.012 0.360 0.020 0.099 
I.b 0.663 -0.007 0.168 
I.c 0.754 -0.014 
I.d 0.595 0.241 
I.e 0.048 0.942 
I.f -0.085 0.033 l\oi7 -0.005 0.037 
I.g 0.064 0.033 0.723 
based on one and five environments, progeny test selection in 
one and five environments and score selection based on five 
different selection indices for yield of oil are given in Table 
14. 
The expected genetic changes in the oil percentage, yield 
of oil, and the yield of grain for the different methods of 
selection for oil percentage are presented graphically in Figure 
1. Mass selection for oil percentage was the most effective 
method for increasing the oil content in this population. How­
ever, the increase in oil percentage would be associated with a 
grain yield decrease of 2.1 grams per plant. Progeny test se­
lection in one environment was superior to full-sib selection 
Table l4. Expected genetic change per cycle (g^), per year (gg), and relative effi­
ciency (E) for oil percentage, yield of grain, and yield of oil upon se­
lecting the best 5^ of the units 
Selection 
method 
Basis for 
selection 
Oil 
percentage 
Yield of grain 
(g/plant) 
Yield of oil 
(g/plant) 
Sn Sr S-, E e. ër  
Mass selec­ Oil percentage 0 .53 0 .53 1.36 -2.12 -2 .12 -0.31 0.58 0.58 0.86 
tion 
Yield of grain -0 .07 -0 .07 -0.19 5.73 5 .73 0.84 0.42 0.42 0.64 
Yield of oil 0 .15 0 .15 0.38 4.12 4 .12 0.61 0.59 0.59 0.89 
Full-sib fam­ Oil percentage 1 .04 0 .35 0.90 -5.45 -1 .82 -0.27 1.14 0.38 0.57 
ily selection 
tested in one Yield of grain -0 .20 -0 .07 -0.18 16.23 5 .42 0.80 
0
 
cu (—i 
0.40 0.60 
environment 
Yield of oil 0 .40 0 .13 0.34 11.17 3 .72 0.55 1.58 0.53 0.79 
Progeny test Oil percentage 1 .39 0 .46 1.19 -7.25 -2 .42 -0.36 1.51 0.50 0.76 
selection 
tested in Yield of grain -0 .31 -0 .10 -0.27 24.69 8 .23 1.21 1.81 0.61 0.91 
one environ­
ment Yield of oil 0 .61 0 .20 0.52 17.04 5 .68 0.84 2.41 0.80 1.21 
Full-sib fam­ Oil percentage 1 .17 0 .39 1.00 -6.09 -2 .03 -O.30 1.27 0.42 0.64 
ily selection 
.26 tested in Yield of grain -0 -0 .09 -0.22 20.39 6 .80 1.00 1.50 0.50 0.75 
five environ 
ments Yield of oil 0 .50 0 .17 0.43 14.12 4 .71 0.69 2.00 0.67 1.00 
Table 14. (continued) 
Selection 
method 
Basis for 
selection 
Oil 
percentage 
Yield of grain 
(g/plant) 
Yield of oil 
(g/plant) 
Br E S. gr E s. E 
Pitogeny test Oil percentage 1.49 0.50 1.28 -7.79 -2.60 -0.38 1.63 0.54 0.82 
selection 
tested in Yield of grain -0.36 -0.12 1 0
 
Co
 
0
 
28.29 9.43 1.39 2.08 0.69 1.04 
five environ­
ments Yield of oil 0.72 0.24 0.61 20.10 6.70 0.99 2.84 0.95 1.42 
Pull-sib fam- I.a 1.16 0.39 1.00 5.12 1.71 0.25 2.09 0.70 1.05 
ily selection 
based on se- I.b 1.15 0.38 0.97 4.84 1.62 0.24 2.01 0.67 1.01 
lection index 
I.c 1.13 0.38 0.97 4.94 1.65 0.24 2.01 0.67 1.01 
I.d 1.12 0.37 0.95 4.91 1.64 0.24 2.01 0.67 1.01 
I.e 1.02 0.34 0.88 4.63 1.54 0.23 1.89 0.63 0.95 
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in five environments, although progeny test selection in five 
environments was less efficient than mass selection. 
The relative genetic advances for the various methods of 
selection for yield of grain are illustrated in Figure 2. The 
advance from mass selection was slightly higher than the full-
sib selection with one environment. The expected genetic ad­
vance from progeny test selection in one environment and five 
environments were 24,7 and 28.3 grams per plant, respectively. 
The difference in the expected genetic changes are due to the 
masking effect of environment and genotype x environment inter­
action. The most efficient method of selection for yield of 
grain is the progeny test repeated in five environments. 
The expected genetic changes due to selection for yield of 
oil are presented graphically in Figure 3. Selection for yield 
of oil was accompanied by genetic advance for both yield of 
grain and oil percentage. However, the relative genetic ad­
vance for yield of grain was greater than that for oil percent­
age. Pull-sib family selection for yield of oil alone resulted 
in an increase in oil percentage of 64^ of that if the selec­
tion was for oil percentage alone and 75^ in yield of grain. 
Selection for yield of oil based on an index was not superior 
to selection based on yield of oil alone. The relative effi­
ciency of the selection indices ranged from 95^ using the com­
ponents of yield of oil to 10$^ with selection index based on 
five characters including yield of oil. The selection indices 
were not more effective in maximizing the yield of oil than the 
Figure 1. Relative genetic changes per year in oil percentage, yield of grain and 
yield of oil from various methods of selection for oil percentage 
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Figure 2. Relative genetic changes per year in oil percentage, yield of grain and 
yield of oil from various methods of selection for yield of grain 
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Figure 3. Relative genetic changes per year in oil percentage, yield of grain and 
yield of oil for various methods of selection for yield of oil 
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selection "based on yield of oil alone. However, they reversed 
the relative changes in yield of oil and oil percentage. The 
relative genetic advance in yield of grain and for oil percent­
age were 25.2 and 99-7^ respectively for the selection index 
based on the five characters. 
In order to study the effect of genotype-environment in­
teraction on the prediction of the advance from selection, the 
relative advances from selection were calculated using estimates 
from one environment. A comparison between the relative genetic 
advance for the yield of oil from selection based on yield of 
oil, I.f and I.g indices are given in Table 15. The relative 
efficiency of the three methods with respect to the advance 
from full-sib family selection for yield of oil in five envi­
ronments were 0.84, 0.93 and O.85. The index selection based 
on five characters was 1.1 as efficient as the selection for 
yield of oil alone; however, it was less effective than the 
full-sib selection in five environments. It is evident that 
index selection is more effective than selection based on one 
character alone in case the population was under limited test. 
The estimates of the genetic parameters for oil percentage 
and the weight of the kernels for the yield trial experiment 
and sibbing experiment grown at Ames in 1963 are given in Table 
16. A comparison between the estimates from the two experi­
ments would indicate the effect of the source of pollen on oil 
content and weight of 100 kernels. The additive genetic var­
iances were highly significant for both characters in both ex-
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Table 15. Estimates of the genetic advance for yield of oil 
per cycle (g) from selection methods based upon one 
environment 
Selection method g E^ 
Pull-sib family selection for 1,68 0,84 
yield of oil 
Selection index I.f. 1,86 0.93 
Selection index I.g. 1,70 0.85 
^Relative efficiency of gain from selection with respect 
to full-sib family selection in five environments 
periments, but none of the dominance variance estimates were 
significantly different from zero. The estimate of additive 
genetic variance for the sibbing experiment was higher than 
that estimated from the open-pollinated experiment in the case 
of oil percentage while it was the reverse for the weight of 
100 kernels. The mean of the oil percentage for the open-
pollinated experiment was 8.9^ and the mean of the sibbing 
experiment was 9.3^. The data for the open-pollinated experi­
ment were collected from guarded plants; such restriction did 
not exist in the sibbing experiment. The difference between 
the estimates of the additive variances for weight of 100 ker­
nels was not high and was not significant. 
The correlation coefficients among the yield of grain from 
the open-pollinated experiment and the oil percentage and weight 
91 
Table l6. Estimates of the additive genetic variance (s^ ), 
p A 
dominance variance (s ), and error variance 
P \ a (s ) for both experiments grown at Ames in 1963 
e 
Open-pollinated 
experiment 
Sibbing experiment 
Character s2 =2 2 2 
2 
\ % s e 
Oil percentage 
(x 102)D 
62.21 3.78 12.28 120.56 -5.28 10.10 
(15.36)(20.17) (27.95)(32.71) 
100 kernels 
weight 
9.76 0.73 1.96 7.48 -0.08 2.09 
(2.43) (3.03) (1.89) (2.42) 
T^he estimates in parentheses are the standard errors. 
S^caling factor applies to the variance components and 
their standard errors. 
of 100 kernels from both experiments are presented in Table IJ. 
The additive genetic correlation between the oil percentage in 
the two experiments was .961, a highly significant value. The 
associations between yield of grain and the oil percentage in 
both experiments were almost the same. The addiWve correla­
tions between the oil percentage in both experiments and weight 
of 100 kernels in the open-pollinated experiment were not sig­
nificant j whereas the additive genetic correlation between oil 
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Table 17. Comparison between the estimates of the additive 
genetic correlation (r^) and the phenotypic correla­
tion (r^) from the two experiments grown in Ames in 
1963 ^ 
Oil percentage Weight of 100 kernels 
Character O.P.a sib.° O.P. Sib. 
Yield of r 
grain 
^P 
-.262j^.l87 -.2761.174 
-.021 . -.129 
.3011.173 
.323 
.348+.173 
.248 
Oil r 
percent­
age^ rp 
.961 jr. 027 
.892 
-.160+.174 
-.002 
-.5371.140 
-.275 
Oil r 
percent­
age k Pp 
-.2624.161 
-.186 
-.447±.140 
-.309 
Weight r 
of 100^ & 
kernelsrp 
.815+.036 
.726 
^Yield trial experiment. 
^Sibbing experiment. 
percentage in both experiments and the weight of 100 kernels in 
the sibbing experiment were highly significant. The means of 
the 100 kernel weight for the open-pollinated ejgeriment and 
the sibbing experiment were 27.3 and 29.5 grams, respectively. 
The weights of 100 kernels in both experiments were highly cor­
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related. 
It is evident that the oil percentage and the weight of 
100 kernels of the sibbing experiment were greater than those 
of the open-pollinated experiment. However, the increase in 
oil percentage did not affect the association between the yield 
of grain and oil percentage. Miller and Brimhall (1951) indi­
cated that the source of pollen had a constant but small ef­
fect on the oil percentage. Curtis et al» (1956) suggested 
that a reliable estimate of oil percentage could be obtained 
only by controlled pollination. The results of this study are 
in support of the results obtained by Miller and Brimhall (1951). 
The oil percentage and weight of 100 kernels were higher in the 
sibbing experiment than in the open-pollinated e]q)eriment. The 
magnitudes of the additive genetic correlation were the same. 
Consequently, the source of pollen would not change the ranking 
of the genotypes or mask the genotypic effects. It may be 
concluded that high-oil populations could be tested under yield 
trail conditions with no need for controlled pollination as 
long as the plant breeder is interested in the relative values 
of the entries rather than their absolute values. 
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DISCUSSION 
Estimation of Genetic Parameters 
Several assumptions were made in the derivation and the 
interpretation of the estimates of the genetic parameters. 
Before deriving any inferences from the results of this study, 
the effect of these assumptions on the estimates will be dis­
cussed. 
Two coefficients of relationship were estimated using a 
Design I Experiment. These were the covariance among full-sibs, 
designated Gov. F.S. and covariance among half-sibs, designated 
Gov. H.S. For a random mating population with no linkage the 
expectation of the Gov. F.S. and Gov. H.S. are 
GOV. F.S. = 1/2 1/4 a® + 1/4 l/l6 
Gov. H.S. = 1/4 a jL l/l6 a,, 4- ... 
A AA ^  
Only-two unknown parameters could be estimated from the above 
two independent relationships. Therefore, the assumption of no 
epistasis was introduced in order to express the two relation­
ships in terras of the additive genetic and dominance variances. 
The assumption of no epistasis was imposed in order to facili­
tate the calculation. However, no definite experimental re­
sults are available to support that assumption. If epistasis 
was not negligible, it would introduce some bias in the esti-
2 2 2 ? 
mates of a, and a . The amount of bias in s. and s^ are A D  a d .  
95 
"A: 1/4 1/16 . 
'D' 4  + 4 + 4 + • • •  •  
The bias in the case of the additive genetic variance is a 
function of the additive types of epistasis, and the bias in 
the estimate of the dominance variance is a function of all 
components of epistasis. The amount of bias in the estimator 
2 2 
of a-r, is greater than twice the bias in the estimator of a . 
•L* A 
None of the estimates of the dominance variance exceeded twice 
2 its standard error, and five of the estimates of CT for the com-
^ 
bined analysis were negative. Therefore, the bias due to the 
assumption of no epistasis does not appear to have been very 
large. 
The expected genetic gain from selection is a function of 
the ratio of the additive genetic variance and the additive 
type of epistasis to the phenotypic variance. However, the 
contribution of epistasis to selection tends to disappear upon 
relaxation of selection leaving as a permanent gain only that 
contribution due to the additive genetic variance. The calcu­
lated genetic improvement from selection in terms of components 
of analysis of variance estimates from Design I experiments is 
The expectation of the numerator in terms of genetic parameters 
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1/2 (t| + 1/S a^ 4- ... 
The expected value of the denominator is equal to the pheno-
typic variance. Griffing (i960) indicated that the advance from 
P 2 individual selection is a function of 1/2 a^+l/4 ... 
ThereforeJ the estimate of gain from selection, computed from 
p 
Design I experiments would be underestimated if is present. 
The expected gain from sull-sib family selection also would be 
underestimated for the same reason. 
The estimated gain from progeny test selection or recurrent 
selection for general combining ability is an unbiased estimate 
of the gain. The formula given by Griffing (1962) for the 
prediction is, 
2 Gov. H.S. K 
® JPhenotypic variance among half-sib families 
Both the numerator and denominator are unbiased. 
The estimates of the genetic variance components from 
Design I experiments are over-estimated in case epistasis is 
present. However, the estimator of gain from selection would 
be less affected by that bias. 
The validity of the assumption of linkage equilibrium is 
questionable. The population under study was the population 
derived after one generation of random mating -of a cross be­
tween a high-oil population and synthetic variety. The high 
oil population is a derivative of an Illinois long-term selec­
tion experiment for oil content. Continuous selection for 
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higher oil content did not reach the limit of fixation of genes 
as there is still gain from selection (Leng, 1961). Therefore, 
the frequency of genes controlling high oil content is expected 
to be more than l/2 and less than 1. Synthetic A is composed 
of 16 inbred lines, each of which was selected for general com­
bining ability for yield and for some other desirable charac­
ters such as disease or insect resistance. Therefore, the 
would have a higher frequency of coupling than repulsion linkage 
with respect to genes affecting the individual characters of 
yield and oil percentage. In the case of no linkage, one gen­
eration of random mating is required to reach the genetic equi­
librium; but in case of linkage, the number of generations re­
quired to reach the genetic equilibrium depends upon the amount 
of linkage disequilibrium and the recombination frequency be­
tween loci. Crossing over would reduce the linkage disequilib­
rium by the recombination frequency with each generation of 
random mating. 
The effect of linkage disequilibrium on the estimates of 
the additive genetic variance and dominance variance were stu­
died by Robinson and Comstock (1955). They showed that the 
2 o 
amount of bias, B, in the estimates of a and a are 
m f 
where 
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= one-half the difference between the effects of the 
homozygous genotypes at the i^  ^locus and a^ u^  is the 
deviation of the heterozygous genotype from the mean 
point, 
= the linkage disequilibrium between the i and j loci 
= 1/2 ^ frequency of coupling-frequency of repulsionj 
qj^  = the frequency of the favorable alleles at the i^  ^
locus. 
p , 2 
The amount of bias in the estimation of is 4 and for 
is 4 The amount of bias in the additive genetic var­
iance estimator in the case of an excess of coupling is always 
positive, and it is negative in the case of an excess of repul-
2 
sion. The bias in s^  would depend upon the gene frequency, the 
type of gene action, and the amount of linkage disequilibrium. 
For the case of an excess of coupling with no dominance, the 
2 bias in s^  would be 
- i/ij Vj 
2 
and the result would be a negative estimate of for the true 
parameter of zero. In case of complete dominance with gene 
frequency = 1/2, the amount of bias in would be 
is less than one and greater than zero, in the case of an 
excess of coupling. The bias in the estimate of dominance In 
that condition would be negative except for the case when all 
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2 the population is in the coupling phase, where 
The same conclusion could be drawn in the case of gene fre­
quency less than 1/2. So the excess of coupling in some cases 
would underestimate the dominance variance. However, the amount 
of bias in the estimates of dominance variance in case of an 
excess of coupling would be less than that of the additive 
genetic variance. This could be one reason for having a high 
frequency of negative estimates for the dominance variance in 
this study. 
The excess of coupling phase linkage would cause an over-
estimation of both the covariances among full-sibs and among 
half-sibs. Consequently, it would cause an overestimation of 
the predicted gain from selection. The amount of bias would 
be higher in the case of progeny test selection than for mass 
selection or full-sib selection. 
In this study, it was planned to cross 64 males chosen at 
random each to four females. An attempt was made to avoid the 
non-randomness due to the difference within the population in 
pollen shedding and silking dates. However, there was some 
positive assortive mating for silking date. Consequently, the 
variation between males would be increased and that among fe­
males would be decreased. Reeve (1961) showed mathematically, 
working with two alleles per locus that the positive assortive 
mating would bias the correlation between sibs; or in other 
words, it would increase the estimate of a^. This bias would 
2 be a function of the non-additive genetic variance, is 
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estimated as 4 (s^ - s^). Therefore, the overestlmation of s^ 
1 m ™ 
2 
and the underestimation of s^ would result in a lower estilnate 
of the dominance variance; and it might result in a negative 
estimate. The bias due to the non-random mating would affect 
silking date and its correlated characters. Llndsey et al. 
(1962) and Goodman (1965) indicated the effect of that bias on 
the estimates of the dominance variance, Llndsey et al. (1962) 
showed that the negative estimates of dominance variance for 
silking date were significantly different from zero. The esti­
mates of dominance variance and additive genetic variance ob­
tained after minimizing the effects of positive assortive mat­
ing were different. Minimizing the non-randomness effect re­
sulted in reducing the additive genetic variance and Increasing 
the dominance genetic variance. However, the dominance var­
iance was negative but was not significantly different from 
2 
zero. In the present study, the estimates of for silking 
date were negative, and they exceeded one standard error. How­
ever, none of them was significantly different from zero. The 
bias Introduced by the non-randomness did not appear to be as 
big as in the study of Llndsey et (1962). As pollen 
shedding occurs in com before the silks emerge and as the 
silks could be held without pollination and would remain viable 
for at least 10 days, Llndsey et (1962) suggested that 
males should be planted one week later than the females to 
avoid the positive assortive mating. 
The other assumptions would hold true in the case of 
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Design I experiments with corn. Therefore, the estimates of 
the additive genetic variances and dominance variances should 
be considered with reservation due to biases introduced by 
linkage disequilibrium, epistasis, and the non-randomness of 
mating. These factors would cause an overestimation of the 
additive genetic variances for the characters under study. 
The existence of epistasis would bias the estimates of domi­
nance variance upwards, but the linkage disequilibrium and the 
non-randomness of mating would bias it downward in many of the 
cases. The effect of linkage disequilibrium and non-randomness 
could be avoided in the planning of further studies. Several 
generations of random mating would reduce the linkage equilib­
rium. However, the assumption of no epistasis should be in­
cluded in order to estimate the additive and the dominance var­
iances . 
Compton (i960) compared the expected and the actual gain 
from selection in two open-pollinated varieties and the Pg 
generation of two single crosses of corn. The predicted ad­
vance was based on parameters estimated from the analysis of 
variance from Design I experiments. The results of the above 
comparison for yield is given in Table I8. As indicated before, 
the assumption of no epistasis would not affect the predicted 
genetic gain from progeny test selecting, but the assumption of 
no linkage in the case of an excess of coupling would cause an 
overestimation of the predicted progress from selection. The 
open-pollinated varieties would be expected to be closer to 
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Table 18. Average predicted and observed gain per cycle in 
percent of the original population (Compton, i960) 
Population 
Average 
predicted (^) 
Average 
observed (^) 
Jarvis 
Indian chief 
6.7 
5.5 
6.1 
7.4 
Average/cycle 
for varieties 
6.1 6.7 
(CI21 X NC7)P2 9.3 2.5 
(NC34 X NC45)P2 11.5 1.5 
Average/ cycle 
for the hybrid 
population 
10.4 2.0 
linkage equilibrium than the hybrid populations. The discrep­
ancy between the predicted and actual gain for the hybrid pop­
ulation probably was due to the linkage disequilibrium rather 
than the non-randomness of the mating as the latter did not 
affect the prediction in the case of open-pollinated varieties. 
Two-factor mating designs could be used to estimate the 
covariances among full-sibs and among half-sibs. These could 
be used safely for making a choice among alternative selection 
and breeding methods and predicting the response from selec­
tion. Assumption of no eplstasls would permit an unbiased 
estimate of the progress from selection in the case of half-
sib family selection and a conservative estimate of the progress 
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in the case of full-sib family selection and individual selec­
tion. In addition it would permit an estimate of the major 
part of the non-additive genetic variance, which on the assump­
tion of no epistasis would be considered as the dominance var­
iance. Generally the plant breeder is primarily concerned a-
bout choosing the most effective breeding method. The presence 
of the non-additive genetic variance is the primary justifica­
tion of a hybrid breeding program. Two-factor designs would 
supply the information concerning dominance variance. Alter­
native to the hybrid breeding program is the selection program. 
All systems of selection are effective if gene action is mainly 
additive. Two-factor designs are suitable for predicting the 
response from selection. However, the two-factor designs are 
not efficient in obtaining unbiased estimates of the components 
of the genetic variance when epistasis is not negligible. 
The easiest of the two-factor designs is the nested design, 
or Design I Experiment. Another design is the factorial design 
or Design II Experiment. Both designs have the same reliabil-
p 
ity for the estimation of the additive genetic variance, a-. 
2 
They differ in the reliability of the estimate of cr^ . The 
dominance variance in Design II experiments is estimated di­
rectly from the variance components, which is a linear function 
of two mean squares. The dominance variance in Design I exper­
iments is a linear function of three mean squares. Therefore, 
the variance of the dominance variance estimates in the Design 
I is greater than that estimated from Design II; and conse­
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quently. Design II is more efficient in the estimation of the 
dominance variance. This gain in efficiency would be of no 
value if the estimates are expressed in terms of the gain from 
selection parameters. The Design I requires less labor than 
the Design II for corn. In order to conduct the same study 
using a Design II, the chosen females must be selfed for one 
generation before making the crosses because such a design is 
based on the use of each female in crosses with several males. 
Consequently, 256O crosses would be needed with the Design II 
to obtain the 256 full-sib families grown in this study which 
came from 256 crosses using a Design I. 
Genotype x Environment Interaction 
The five environments in which the esgeriments under study 
were grown were considered as a group of random environments 
in order to estimate genotype x environment interaction. How­
ever, these environments did not represent a random group of 
2 2 
environments. Therefore, the estimates of c and a for the 
A D 
combined analysis were biased by genotype x location interac­
tion and genotype x year interaction. Robinson and Moll (1959) 
showed that both family x year and family x location interac­
tion were negligible for yield. Hanson (1964) indicated that 
the bias would be small in corn where the first order interac­
tion is negligible. 
The additive genetic x environment interactions were sig­
nificant for all traits except for silking date. The genotype 
4 
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X environment interaction in the case of silking date represents 
a genotype x year interaction. The non-significance of genotype 
X environment interaction may be due to either that genotype x 
environment interaction is negligible or that genotype x year 
interaction is relatively small as compared to the genotype x 
location x year interaction as in the yield of grain (Robinson 
and Moll, 1959). The magnitude of the additive effect x envi­
ronment interaction is small in comparison to the total genetic 
variance except for yield of grain, yield of oil, and lodging 
percentage. The fluctuations in the estimates of the additive 
genetic variance for oil percentage from one environment to 
another were small. This is in agreement with the findings of 
Sprague and Brlmhall (19^9) that the effect of variation in 
season was less than that due to genotypes. 
The dominance x environment Interaction was not estimable. 
However, the dominance variance for yield was more affected by 
environments than was the additive genetic variance. The esti­
mates of the additive x environment and genotype x environment 
interaction were 26.96 and 89.76, respectively. The difference 
between the two values is the contribution of the dominance 
variance to the interaction. 
Correlation Coefficients 
One purpose of this study was to estimate the genetic 
correlations between oil content and some agronomic traits 
especially yield of grain, lodging percentage and silking date. 
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Genetic correlation could be due to one of two mechanisms. The 
first is pleiotropy. Pleiotropy is used to describe the condi­
tion in which genes have more than one effect. Both oil con­
tent and grain yield are the product of the photosynthetic proc­
ess. Assuming that a plant breeder can select for a certain 
genotype which has a higher capacity for producing energy 
through photosynthesis, the gain in energy could be stored 
either as an increase in oil content or in starch in terms of 
yield of grain. The synthesis of. oil needs more energy per unit 
of weight than starch. Production of grain with a higher con­
tent of oil would convert a part of the energy in expensive 
units of storage. The increase in oil would be accompanied by 
a reduction in yield of starch and protein which are the major 
components of the kernels. 
Linkage is the other important possible cause of correla­
tion. If the genes for higher yield are linked with the genes 
for lower oil content, linkage could be the cause of a negative 
correlation. Linkage could be built up by selecting the ex­
tremes for yield of grain and oil content of grain and allowing 
the selected ones to interbreed. The difference between link­
age and pleiotrepism as the cause of a genetic correlation is 
that in the case of linkage the genetic correlation could be 
reduced through random mating. The linkage disequilibrium would 
be reduced by the frequency of recombination for each generation 
of random mating. This study Is merely the initial study from 
a series of experiments planned to provide estimates of the 
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genetic correlations. After several generations of random mat­
ing, another experiment could be grown to estimate the genetic 
correlation coefficients. If the initial linkage was the im­
portant cause of the genetic correlations, the intermating for 
several generations should reduce the values of the genetic 
correlations. 
The only significant associations between oil content and 
the other characters were between oil content and each of yield 
of oil and silking date. The variance of genetic correlation 
estimates from variance and covariance analysis depends on the 
magnitude of the genetic correlation. It is difficult to deter­
mine the significance of the deviation of the genetic correlation 
from zero in case of a low degree of association due to large 
sampling errors of the genetic correlation. The additive genetic 
correlation coefficient between oil content and yield of grain, 
silking date, and lodging percentage were -.247, -.309, and .186, 
respectively; So the association between oil percentage and the 
agronomic characters could not be confirmed from this study be­
cause of the high magnitude of the variance of genetic correla­
tions. Some of the correlations between yield of grain and 
other agronomic traits such as plant height and weight of 100 
kernels were sufficiently high to be used as an aid in selecting 
for the yield of grain. The additive genetic correlations be­
tween lodging percentage and plant and ear heights were .282 and 
.471 respectively. The lodging percentage was more associated 
with ear height than with plant height. 
108 
Response to Selection 
In estimating the relative efficiency of selection proce­
dures, the ideal way would be to calculate the expected gain 
from selection. In addition to considering a maximum gain from 
certain traits, it is necessary to estimate the changes in the 
means of various important traits. The assumptions considered 
in the derivation of equations for predicting the gain from se­
lection are the additivity of the gene action and the low degree 
of inbreeding depression due to the large number of selected 
parents for producing the next generation. Kohima (1961) de­
rived the prediction equation for the case of mass selection 
with K as the selection differential in the case of no linkage 
and no epistasis. He gave the following equation for the 
predicted gain in terms of phenotypic standard deviation 
s = K .2 + 1/2 K® (z ± T °D1 
9i (1-gJ 
where 
g = the predicted gain from one cycle of selection 
2 
= the total additive genetic variance 
O tlT. 
= the additive genetic variance for i locus 
"^Di " dominance standard deviation for i^^ locus 
VAq = the variance of the change in gene frequency q. 
The second and the third parts of the equations are the 
bias due to the non-validity of the assumptions in the usual 
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prediction equation. The second part is due to the non-addi-
tivity of the gene action. The direction of the bias depends 
on the direction of the dominance. If A is dominant over a, 
the bias would be negative. The third term represents the in­
breeding depression. If a large portion of the population is 
sampled, dominance would be the only cause of bias. The values 
of the selection differential, K, were calculated on the as­
sumption of a normal distribution. The bias in the value of K 
due to using a plot of size of 40 for practicing mass selection 
was less than 10^ as shown by Kojima (1961).  
The results showed that mass selection is the most effec­
tive method of selection for oil percentage. Sprague and Brim-
hall (1950) reported that the average gain per year from pheno-
typic recurrent selection for oil percentage which is a type of 
mass selection was 0.66%, The average gain from selection in 
the Illinois long-term selection e^qperiment averaged over the 
period from 51 to 60 generations was 0.53^ as given by Leng 
(1961).  The predicted gain from selection in this study was 
0.530" per year. The superiority of the mass selection over the 
gain from recurrent selection per year is due to the high esti­
mate of heritability for oil content in addition to the lower 
estimates of the genotype x environment interaction for that 
character. For yield of oil and yield of grain, recurrent se­
lection for general combing ability is the most effective method 
of selection under study. The predicted improvement per year 
from mass selection, full-sib selection, and recurrent selec-
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tlon for yield of grain were 3.76, 4.47 and 6.20# of the mean 
respectively and 4.34, 4.85 and 6.91^ for yield of oil, re­
spectively. The predicted gain from mass selection for yield 
of grain is in agreement with the findings of Gardner (I961). 
He reported an average gain of 3.930 per generation from mass 
selection for yield in the Hayes Golden population with selec­
tion intensity of 10^, The predicted gains from selection are 
based on assumptions of no linkage and no epistasis. There­
fore, the expected values may not be attained. 
The comparison between the genetic gain under one envi­
ronment and under several environments would indicate the con­
tribution of the genotype x environment interaction to the ad­
vance from selection. The relative efficiencies of full-sib 
family selection for oil percentage, yield of grain, and yield 
of oil in one environment to that in five environments were 
89.7, 79.8, and 79.10» This would indicate that the oil per­
centage is less affected by environment and genotype x envi­
ronment variance than either yield of oil or yield of grain. 
Selection for yield of oil alone resulted in an expected 
gain of 2.0 grams per cycle. Selection with an index based on 
yield of oil and its components in addition to plant height 
and weight of 100 kernels was 1050 as efficient as selection 
for yield of oil alone. Miller et (1958) reported that 
selection indices had their greatest value where the material 
is tested on a limited scale. Caldwell (1963) reached the same 
conclusion. The relative efficiency of the selection index for 
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yield of oil based on five characters using the estimates of 
the parameter from the Ames experiment grown, in 1963 to selec­
tion for yield of oil alone was 109^ . The selection index was 
more effective in the case of limited testing. The inclusion 
of the other traits in the index would add more information 
about the genetic worth of the individuals which is masked by 
genotype x environment interaction. In order to get a true 
picture about the efficiency of a selection index, a realistic 
economic weight could be introduced in the index for yield of 
grain and oil content of grain. However, the assigning of rela­
tive economic weights is a real problem due to the fluctuation 
in the price of oil. 
Although some of the assumptions were questionable, some 
of these assumptions could not be avoided. Further studies 
planned as a continuation of this study would provide some in­
formation about the effects of these assumptions on the estima­
tions . 
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SUMMARY 
The main- purpose of this investigation was to determine 
the genetic correlations between the oil content of grain and 
some agronomic characters, especially yield of grain, lodging 
percentage and silking date, in the advanced generation of a 
cross between a high oil population and a synthetic variety. 
The estimates of the genetic variance components for yield of 
oil, yield of grain, and oil percentage were used to compare 
different methods of selection. The estimates of the genetic 
parameters were calculated from the analysis of variances and 
covariances among 64 half-sib families each containing 4 full-
sib families grown at Ames and Kanawha, Iowa in 1963 and 1964 
and at Ankeny, Iowa, in 1963. Additive genetic, genotypic, 
and phenotypic correlations were computed. The expected 
genetic change in the yield of oil, yield of grain, and oil 
percentage were calculated for mass selection, full-sib family 
selection, and recurrent selection for each of the traits 
separately. Selection indices for maximizing gain in the 
yield of oil were constructed using different combinations of 
yield of oil, weight of 100 kernels, plant height, yield of 
grain, and oil percentage. 
The estimates of the additive genetic variance were sig­
nificantly different from zero for all the traits under study. 
The estimates of the dominance variance for the combined data 
were negative for plant height, silking date, weight of 100 
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kernels, lodging percentage and oil percentage. The dominance 
variance estimates for ear height, yield of grain, shelling 
percentage, and yield of oil were greater than zero but less 
than twice their stand errors in magnitude. The magnitudes of 
the dominance variances for yield of grain and yield of oil 
were high relative to the other characters. The additive genet­
ic variance was the only significant component of the total 
genetic variability for plant height, weight of 100 kernels, 
lodging percentage, oil percentage, and silking date; and it 
was the major component of the genetic variability for the 
other characters. 
The interactions of the additive genetic effects and total 
genetic x environment were significant for plant height, weight 
of 100 kernels, ear height, lodging percentage, and yield of 
grain. For shelling percentage only the total genotypic x 
environment interaction was significant. For oil percentage 
and yield of oil the additive genetic effect x environment in­
teractions were significant. However, no accurate estimates 
of genotype x environment interaction were available. For 
silking date neither estimates were significant. The dominance 
variance was affected by environment more than the additive 
genetic variance for yield of grain. The magnitude of the 
genotype x environment interaction relative to the total genetic 
variance suggests the relative importance of genotype x envi­
ronment interaction for yield of grain and lodging percentage. 
Oil percentage was negatively associated with yield of 
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grain and positively associated with lodging percentage though 
the correlation coefficients were less than twice their standard 
deviations. Oil percentage was significantly associated with 
yield of oil and silking date. Yield of grain was significantly 
correlated with weight of 100 kernels, plant and ear heights, 
and yield of oil. Yield of oil was positively correlated with 
its components and with weight of 100 kernels and plant and ear 
height. Silking date was positively associated with plant and 
ear height. The highest association was that between plant and 
ear height. Ear height was significantly correlated with lodg­
ing percentage. The estimartes of the additive genetic, geno-
typic, and phenotypic correlations were usually of similar 
magnitude. 
Selection for yield of grain would result in a reduction 
in the oil percentage, and the selection for high oil percent­
age would reduce the yield of grain. However, selection for 
yield of oil would be effective in increasing both the oil 
percentage and the yield of oil. The expected genetic gain 
per year from mass selection, full-sib family selection, and 
progeny test selection for yield of oil were 4.34, 4.85 and 
6.91^ of the mean, respectively. For yield,of grain the re­
spective gains were 3.76, 4.47 and 6.20^ and for oil percent­
age they were 5»95j 4.37 and 5.6O0 of the mean of the popula­
tion. Mass selection was the most effective of the three 
methods for oil percentage, but progeny test or recurrent se­
lection for general combining ability was the best for yield 
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of oil and yield of grain. 
Selection based on an index using weight of 100 kernels, 
plant height, yield of oil, yield of grain, and oil percentage 
was expected to be 5^ more efficient than selection for yield 
of oil itself, A selection index would be of most value in the 
case of limit facilities for testing. 
Linkage, epistacy, and positive assortive mating could 
cause considerable bias in the estimates of the variance com­
ponents and the predicted response to selection. Design I 
experiments could be used efficiently for the evaluation of 
various methods of selection in a random mating population in 
linkage equilibrium. However, the linkage disequilibrium and 
positive assortive mating would cause overestimation of these 
genotypic parameters. Two-factor designs are not efficient in 
the estimation of the genetic variance components when epistacy 
is present. 
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APPENDIX 
Table 19. Estimates of the additive genetic (Saa*), genotypic (s--,,), and pheno-
typic (s ,) covariances for pairs or characters among^^full-sib,family 
means, Ames, 1963 
Character 
Plant 
height 
Ear 
height 
Shelling Weight Lodging 
per- of 100 percentage 
centage kernels 
Oil per­
centage 
(x lOOr 
Yield 
of grain 
Yield 
of oil 
Silking 
date a^a' 
®gg' 
7.28 
6.76 
4.48 
5.06 
-0.74 
-0.38 
. 0.62 
0.11 
2.20 
1.11 
-31.92 
-22.00 
-1.39 
1.13 
-0.27 
-0.60 
P^P' 
CO 
5.01 -0.49 0.03 1.01 -27.85 -0.37 -0.31 
Plant 
height a^a' 
®sg' 
75.00 
78.40 
3.98 
1.59 
2.24 
3.24 
27.00 
13.64 
-66.42 
-67.22 
96.42 
90.59 
7.32 
6.96 
®pp' 87.50 1.99 4.38 16.79 -61.28 102.65 8.13 
Ear height ®aa* -0.16 1.90 26.88 51.20 50.46 5.11 
03 
-0.53 2.84 21.59 -18.75 55.47 4.63 
®PP' 0.26 3.07 24.55 10.84 63.07 5.43 
Shelling 
percentage a^a' 
®gg' 
-1.28 
-0.91 
0.34 
0.49 
3.56 
-0.61 
1.30 
0.32 
0.01 
-0.08 
S^caling factor applies to the covarlances. 
Table 19. (continued) 
Character 
Plant Ear Shelling Weight Lodging Oil per- Yield Yield 
height height per- of 100 percentage centage of grain of oil 
centage kernels (x 100) 
0 .15 2.33 5.29 0.49 
-6 .46 -19.70 8 . 3 3  0.44 
-3 .23 -10.68 8.51 0.61 
-3 .70 -1.85 13.05 1.14 
7.32 8.20 1.35 
63.14 0.19 -0.06 
38.63 0.65 -0.10 
-182.55 32.04 
-55.52 43.57 
21.25 59.60 
Weight of 
100 ker­
nels 
PP' 
aa" 
gg' 
^PP' 
Lodging £ 
percentage 
s 
s 
aa' 
gg' 
PP' 
I Oil s 
percentage 
(x 100) Sgg, 
PP' 
Yield of 
grain aa' 
8 gg' 
®PP' 
0.90 
10.68 
14.62 
23.79 
Table 20. Estimates of the additive genetic (Sgai), genotyplc (stg,), and pheno-
typlc (sppi) covariances for pairs of characters among^ f^ull-sib family 
means, Ankeny I963 
Character 
Ear 
height 
Shelling Weight 
per- of 100 
centage kernels 
Lodging 
percentage 
Oil per­
centage, 
(x 100)* 
Yield 
of grain 
Yield 
of oil 
Plant height ®aa' 77.66 -1.66 11.34 9.08 0.38 76.80 7.57 
^gg' 
®pp' 
59.12 -1.12 9.10 -4.93 79.38 
66.21 -0.56 9.83 -4.62 8.16 91.49 8.54 
Ear height 
a^a' 
-0.70 8.20 9.96 70.52 57.14 5.99 
®gg' -0.55 6.26 -0.54 48.05 
®pp« -0.58 6.57 2.54 57.46 55.14 5.62 
Shelling 
percentage 
®aa' 
^gg' 
-1.02 
-0.62 
-0.04 
-0.03 
4.00 2.80 
5.11 
0.09 
-0.65 -0.67 3.79 7.34 1.03 
^•Scaling factor applies to the covariances. 
Table 20. (continued) 
Character 
Ear Shelling Weight Lodging Oil per- Yield Yield 
height per- of 100 percentage centage of grain of oil 
centage kernels (x 100) 
Weight of 100 
kernels 
Lodging 
percentage 
Oil percent-
age (x 100) 
Yield of 
grain 
®aa' 
gg' 
'pp« 
5 aa» 
gg' 
^PP' 
aa' 
PP' 
aa* 
PP' 
•11.42 
-7.45 
-8.08 
34.30 
45.42 
20.28 
-99.17 
21.10 
22.28 
25.91 
2.26 
2.83 
0.25 -0.14 
-29.05 
-33.26 -3.81 
-116.14 54.84 
96.88 96.31 
13.57 
28.70 
Table 21. Estimates of the additive genetic (s^aO^ genotypic (sggi), and pheno-
typic (sppi) covariances for pairs of characters among full-sib family 
means, .Kanawha 1963 
Character 
Ear 
height 
Shelling Weight 
per- of 100 
centage kernels 
Lodging 
percentage 
Oil per-
centagOo 
(x 100)% 
Yield 
of grain 
Yield 
of oil 
Plant height 
^aa ' 
62.56 -2.56 3.26 19.00 -15.11 67.60 5.06 
®ss' 65.50 -1.50 3.63 6.08 88.08 
®pp' 75.42 -1.12 4.27 5.96 -6.46 95.60 7.75 
Ear height 
^aa' 
-0.72 2.98 21.84 -4.82 39.60 3.50 
®sg' -0.69 2.72 12.91 45.62 
®pp' -0.65 2.63 15.76 2.48 49.64 4.44 
Shelling 
percentage \a' 
^gg' 
-1.14 
- .59 
0.36 
0.36 
6.12 -1.54 
2.67 
-0.31 
Spp' -.75 0.32 -0.31 4.73 0.83 
^Scaling factor applies to the covariances. 
Table 21, (continued) 
Character 
Ear Shelling Weight Lodging Oil per- Yield Yield 
height per- of 100 percentage centage of grain of oil 
centage kernels (x 100) 
Weight of 100 
kernels 
Lodging 
percentage 
Yield of 
grain 
aa' 
s 
gg' 
s 
PP" 
aa' 
^gg' 
Vp« 
Oil percentage s 
(x 100)a aa' 
®PP' 
s 
aa' 
^pp' 
•3.10 
-1.27 
-2.55 
12.57 
8.91 
91.69 
8.12 
12.98 
12.28 
15.63 
12.56 
1.46 
-7.71 
1.35 
1.52 
2 .43 
-0.28 
23.75 61.12 
42.96 64.62 
9.94 
28.84 
Table 22. Estimates of the additive genetic (Sa.,), genotypic (s ,), and pheno-
typic (Sppi) covarlances for pairs or characters among^^full-sib family 
means, Kanawha 1964 
Character 
Ear 
height 
Shelling 
percentage 
Weight of 
100 kernels 
Lodging 
percentage 
Yield 
of grain 
Plant height ®aa» 63.30 -4.64 9.18 8.75 74.56 
®SS* 51.96 -2.18 3.70 -6.64 74.91 
8pp' 66.25 -1.94 4.25 -6.48 81.94 
Ear height 
^aa« -2.88 4.42 25.22 26.12 
®ss' -0.78 1.64 5.88 36.60 
J 
^pp- -0.82 1.92 6.91 41.98 
Shelling 
percentage 
®aa' 
^gg' 
-1.09 
-0.65 
1.68 
-0.28 
I.l4 
10.39 
®pp« -0.57 -1.39 12.23 
Weight of 100 
kernels ^aa' 
®sg' 
®pp« 
-14.59 
-9.40 
-11.64 
10.24 
5.46 
9.03 
Lodging 
percentage 
®aa' 
^gs' 
®pp« 
-14.64 
-43.00 
-45.12 
Table 23, Estimates of the additive genetic (s genotypic (s ,), and pheno-
typic (S tjdi) covariances for pairs or characters among®®full-sib family 
means, , Ames 1964 
Plant Ear Shelling Weight Lodging Oil per- Yield Yield 
height height per- of 100 percentage centage of grain of oil 
kernels (x lOO) 
Character 
centage 
Silking 
date 
Plant 
height 
s 
aa' 
gg' 
W' 
s 
Ear height s 
aa' 
'gg' 
^pp« 
aa* 
^gg' 
'pp« 
Shelling s 
percentage aa' 
gg' 
s , pp« 
12 .72 6.78 -0.96 1.18 2.32 -27.80 11.58 
10 .99 7.78 -0.68 0.70 0.07 9.42 
11 .48 7.66 -0.62 0.67 0.06 -24.30 7.85 
86.80 -4.56 9.84 55.60 -251.06 102.98 
95.07 -1.65 3.19 34.67 116.20 
109.19 -1.71 5.11 26.31 -76.38 133.08 
-2.84 4.10 39.82 -58.45 55.06 
-0.78 1.05 29.35 68.13 
-1.03 2.54 26.24 20.32 85.34 
-0.98 -0.56 5.02 1.14 
-0.52 1.61 6.92 
-0.88 1.73 0.75 9.74 
0.60 
0.31 
5.37 
10.65 
4.16 
8.00 
0.15 
0.86 
^Scaling factor applies to the covariances. 
Table 23. (continued) 
Character 
Plant Ear Shelling Weight Lodging Oil per- Yield Yield 
height height per- of 100 percentage centage of grain of oil 
centage kernels (x 100) 
Weight of s 
100 ker- && 
nels 
'gg' 
'pp« 
Lodging s 
percentage 
s 
s 
aa' 
gg' 
PP' 
Oil per- s 
centage 
(xlOO)^ 
aa* 
PP" 
Yield of 
grain aa" 
s 
PP' 
•9.58 
-5.62 
•9.40 
•31.12 12.70 
6.52 
0.66 
-22.31 10.54 0.56 
11.30 4.82 0.59 
11.25 
-20.23 -5.40 -0.54 
-178.02 32.16 
-48.39 , 59.50 
16.03 
32.96 
Table 24. Estimates of the additive genetic (s genotypic (s ,and pheno-
typic (Sppi) covariances for pairs of characters among®®full-sib family 
means, combined over environments 
Character 
Plant Ear 
height height 
Shelling Weight 
per- of 100 
centage kernels 
Lodging 
percentage 
Oil per­
centage» 
(x 100)* 
Yield 
of grain 
Yield 
of oil 
Silking 
date ^aa' 
^gg' 
9.10 
8.16 
5.74 
6.21 
-0.74 
-0.47 
0.97 
0.42 
2.06 
1.10 
-25.90 
-19.70 
5.48 
4.38 
0.08 
0.08 
®pp« 8.67 6.51 -0.51 0.38 0.81 -22.16 4.35 0.04 
Plant 
height ^aa' 
^gg' 
68.98 
66.82 
-3.00 
-1.61 
8.57 
5.97 
19.34 
5.52 
-98.98 
-56.62 
82.16 
84.99 
5.69 
6,81 
®pp' 69.84 -1.60 6.04 5.56 -53.34 88.44 7.30 
Ear height 
^aa' 
-1.66 4.55 22.91 23.36 . 42.76 4.59 
^gg* -0.80 3.08 13.59 6.72 45.62 4.44 
Sp. -0.79 3.22 13.77 9.31 48.30 4.80 
Shelling 
percentage ^aa* 
^gg' 
-1.22 
-0.77 
0.42 
0.32 
0.70 
-1.90 
0.82 
3.38 
0.05 
0.23 
®pp» -0.70 0.32 -1.09 4.62 0.32 
'^Scaling factor applies to the covariances. 
Table 24. (continued) 
Character 
Plant Ear 
height height 
Shelling Weight 
per- of 100 
centage kernels 
Lodging 
percentage 
Oil per­
centage 
(x 100) 
Yield 
of grain 
Yield 
of oil 
Weight of 
100 ker­
nels 
^aa' 
®gg' 
—8.l8 
-5.52 
-7.44 
-8.99 
12.36 
10.05 
1.05 
.82 
®pp« -5.92 -4.85 10.89 1.00 
Lodging 
percentage 
®aa« 
^gg' 
s , 
PP» 
64,66 
-0.17 
-8.00 
2.98 
8.50 
10.44 
2.01 
-0.22 
-0.50 
Oil 
percentage 
( X 100)2 
^aa* 
®gg' 
®pp' 
-174.58 
-105.94 
70.09 
36.40 
39.82 
47.25 
Yield of 
grain ®aa' 
^gg' 
®pp« 
10.23 
13.49 
17.26 
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Table 25. Estimates of the additive genetic genotypic 
(rv), and phenotypic (rp.)-correlations for pairs of 
characters, Ames 1963^ 
Plant Ear Shelling Weight of Lodging 
Character height height percentage 100 kernels percentage 
Silking 
date ^a 
^g 
.469 .406 
(:i%o) 
-.206 
.203 (• .HP .302 (.217) 
.143 
^P 
.370 .355 -.199 .008 .074 
Plant 
height ^a 
^g 
.831 
(.057) 
.809 
.247 
(.167) 
.099 
.090 
(.172) 
.128. 
.454 
(.200) 
.200 
^P 
.791 .103 .148 .155 
Ear height 
^a 
^g 
-.014 
( .177)  
-.047 
.107 
(.177) 
.147 
.635, 
(.179) 
.417 
^P 
.018 .136 .297 
Shelling r^ 
percentage 
1 
-.405 .045 
(.221) 
.057 
r 
P 
.228 .010 
Weight of 
100 ker­
nels 
^a 
rg 
fp 
-.554 
(.186) 
-.237 
- .166 
^The estimates in parentheses are the standard errors of 
the additive genetic correlations. 
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Table 26. Estimates of the additive genetic (r^), genotypic 
(rg.)f and phenotypic (rp) correlations for pairs of 
characters, Ankeny 1963 
Ear Shelling Weight of Lodging 
Character height percentage 100 kernels percentage 
Plant height 
.^a .834 (.054) 
.770 
-.110 
(.180) 
-.067 
(:l4^) 
.332 
.129 
(.201) 
-.065 
.752 -.029 .311 -.043 
Ear height r 
a 
^g 
-.061 
(.183) 
-.043 
(.*149) 
.295 
.186 
(.198) 
.009 
-.039 .271 .031 
Shelling 
percentage 
r 
a 
r 
g 
^P 
-.269 
(.181) 
-.135 
-.121 
-.004 
(.260) 
-.002 
-.036 
Weight of 100 
kernels 
^a 
rg 
rp 
-.646 
(.161) 
-.354. 
-.271 
^The estimates in parentheses are the standard errors of 
the additive genetic correlations. 
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Table 27. Estimates of the additive genetic (r ), genotypic 
(rg)J and phenotypic (r^) correlations for pairs of 
characters, KEinawha I963& 
Ear Shelling Weight of Lodging 
Character height percentage 100 kernels percentage 
Plant height r^ .759 -.181 .124 .426 a (.081) (.190) (.130) (.223) 
.770 -.099 .155 .123 
.740 -.060 .154 .069 
Ear height r. -.071 .158^ .683 
a (.192) (.169) (.203) 
-.058 .149 .333 
^p -.044 .118 .227 
Shelling r 7-351, .066 
percentage a (.163) (.250) 
^g -.182 .052 
^P 
-.185 .025 
Weight of 100 r 7-303 
kernels a (.216) 
rg -.119 
rp -.135 
^The estimates in parentheses are the standard errors of 
the additive genetic correlations. 
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Table 28. Estimates of the additive genetic (r^), genotypic 
(rg), and phenotypic (rp) correlations for pairs of 
charactersJ Kanawha 1964& 
Ear Shelling Weight of Lodging 
Character height percentage 100 kernels percentage 
Plant height r .818 -.293 .376 .096^ 
a (.065) (.176) (.151) (.181) 
.640. -.130. .169 -.081 
.709 -.091 .157 
0
 
1 
Ear height 
^a -.258 ,.257' ,.395, (,191) (.170) (.181) 
-.057 .092 .088, 
-.049 .091 .074 
Shelling r -.308 .129^ 
percentage & (.172) (.202) 
-.178 -.020 
-.119 -.065 
Weight of 100 
^a -.722 kernels (.111) 
-.521 
^P 
-.431 
®'The estimates in parentheses are the standard errors of 
the additive genetic correlations. 
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Table 29. Estimates of the additive genetic (r^), genotypic 
(r„), and phenotypic fr^) correlations for pairs of 
characters, Ames 1964 
Plant Ear Shelling Weight of Lodging 
Character height height percentage 100 kernels percentage 
Silking 
date ^a 
.608 
(.106) 
.572. 
.524 
(.135) 
.582 
-.455 
(.165) 
-.279 
.291 
(.159) 
.213 
.158 
(.180) 
.006 
.489 .458 -.187 .147 .003 
Plant 
height ^a ah 
.847 
-.282 
(.187) 
-.124 
,.317, 
(.159) 
.116 
.495 
(.163) 
.360 
.820 - .065 .141 .170 
Ear height 
^a -.274 (.198) 
-.055_ 
.205 
(.175) 
.055 
.550^ 
(.158) 
.437 
^P -.055 .098 .238 
Shelling r^^ 
percentage 
-.301 -.047 
(.208) 
.132 
^P 
-.172 .079 
Weight of 
100 ker­
nels 
r 
a 
fg 
rp 
-.423^ 
(.154) 
-.340 
-.314 
^The estimates in parentheses are the standard errors of 
the additive genetic correlations. 
